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ABSTRACT 
The Tyennan Orogeny produced low to medium-grade metamorphic rocks distributed across 
the western third of Tasmania.  Chemical U-Th-Pb monazite dating reveals that the peak 
episode of metamorphism took place in the Cambrian, with a weighted mean age for all units 
analysed of 505 ± 1 Ma.  However, variations in the results by region range from ~ 511 to    
~ 497 Ma. The pelitic schists of the Franklin Metamorphic Complex contain garnet 
porphyroblasts which record a rapid, nearly isothermal, pressure increase; the garnet cores 
formed at ~ 600o C, 6,000 bars and the rims at ~ 700o C, 14,000 bars at 511 ± 3 Ma.  
Likewise, the eclogite from the same region records a change from ~ 550o C, 6,250 bars to   
~ 650o C, 19,000 bars.  The whiteschist, which was obtained from the opposite side of a 
major local fault, formed garnet cores at ~ 545o C, 19,600 bars; its garnet rims and matrix 
minerals formed at 506 ± 5 Ma after an increase in temperature of at least 30-90o C.  All of 
these units show evidence of very rapid isothermal exhumation. Other Franklin Metamorphic 
Complex fault blocks record P/T for peak conditions at ~ 570o C, 8,600 bars (Mt. Mary), and 
~ 700o C, 11,400 bars (Raglan Range).  The Forth Metamorphic Complex achieved peak 
metamorphism at 509 ± 7 Ma, at conditions of 670o C, 16,900 bars, and the nearby Settlers 
Schist gives results of 513 ± 8 Ma.  The garnet porphyroblasts of the Port Davey 
Metamorphic Complex record a single episode of metamorphism which took place at       
505 ± 2 Ma at ~ 550 to 570o C and ~ 6,000 bars during which a dehydration event resulted in 
both a change of garnet composition and texture.   
The regional geology indicates metamorphism predated post-collisional extension and 
associated eruption of the Mount Read volcanics at 506 to 500 Ma.  Most of the monazite 
dating is consistent with this observation.  However, the Mersey River Metamorphic 
Complex gives very consistent results of 497 ± 3 Ma. This is problematical, as it would have 
been at depth undergoing metamorphism after that extension took place.  This could be the 
result of an unknown analytical problem, but the Mersey River monazite grains are 
indistinguishable chemically from monazite in the other units, and this sample has undergone 
repeated analysis.  Alternatively, this sample reflects a different metamorphic event than that 
recorded in all other samples studied.   
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The Cambrian Metamorphic History of Tasmania
Chapter 1
Introduction
CHAPTER 1: INTRODUCTION 
This study concentrates on the Cambrian regional metamorphic rocks of Tasmania 
that are of at least garnet zone. There is a range of regional metamorphic rock types 
in Tasmania; these are mainly of greenschist and amphibolite facies.  There are also 
many examples in Tasmania of contact metamorphism but these have been excluded 
from this study. The regional metamorphic rocks of western King Island are 
excluded as these relate to Proterozoic metamorphism. In addition no attempt here is 
made to report on very low grade metamorphic rocks (sub-greenschist) whether the 
metamorphism occurred in the Devonian, as in northeast Tasmania (Patison et al. 
2001), or possibly of Cambrian age, as in the Rocky Cape Group, far northwest 
Tasmania (Chester 2007).  
1.1:GEOLOGY OF TASMANIA 
1.1.1: Distribution of metamorphic rocks 
The Cambrian regional metamorphic rocks of Tasmania are concentrated in the 
western third of the state in a series of complexes which lie in a generally 
mountainous belt from Ulverstone on the northwest coast to Port Davey on the 
southwest coast (Figure 1-1).  This thesis generally follows the nomenclature for 
these metamorphic complexes proposed in Meffre et al. (2000).  These complexes 
are grouped by region. The north coast includes the Arthur Metamorphic Complex, 
the Port Sorell Formation, the Settlers Schist, and the Forth Metamorphic Complex.  
The Mersey River Metamorphic Complex is in north central Tasmania, the central 
region contains the Franklin Metamorphic Complex, including the Collingwood 
River region metapelites, eclogites and whiteschist, and the Raglan Range, and Mt. 
Mary regions.  The south central region has the Strathgordon Metamorphic Complex, 
 1
and the southwest coast has the Port Davey Metamorphic Complex, including the 
areas of Nye, Mulcahy, and Wreck Bays. 
1.1.2: Metamorphic history  
1.1.2.1: PREVIOUS WORK 
The early work on Tasmanian Metamorphic rocks focused either on chemical studies 
(e.g. Paxton 1965; Spry 1963a) or on geologic mapping and interpreting structures in 
outcrop and thin section in terms of the sequence of the deformational events 
responsible. These studies were generally done for limited local regions, including 
the Northwest Coast (Spry 1964; Spry and Ford 1957), the Southwest Coast 
(Williams 1979), central Tasmania (Duncan 1972; Gee 1962; McIntyre 1964; Spry 
1957, 1963a, b; Spry and Gee 1964; Spry and Zimmerman 1959; Turner 1971; 
Williams 1971), and south central Tasmania (Boulter 1972, 1978; Brown 1972; 
Williams 1976).  However, a more regional approach was taken by Spry (1962), who 
focused on the petrology of all Tasmanian Precambrian Rocks.  A later generation of 
petrological studies included geothermometry and geobarometry in addition to 
mapping and structural studies (see regional paragraphs below). The use of isotopic 
dating added a new dimension to geological research. An early application of 
isotopic dating on Tasmanian metamorphic rocks used whole-rock Rb-Sr dating 
(Råheim and Compston 1977).  They correlated the strongest deformational event 
recorded in the rock with the results of their dating.    Adams et al (1985) used K-Ar 
(whole-rock), Rb-Sr, and U-Pb (zircon crystals) isotopic dating.  Their results fell 
into several age ranges.  They gave a range of 630 to 690 Ma for the Burnie and 
Oonah Formations and the Rocky Cape Group, which they interpreted as the result of 
the Penguin Orogeny.  They suggested a range of 540 to 610 Ma for the samples 
from the Tyennan Region, and 450 to 490 Ma for a number of units that were known 
to be Cambrian in age, for which they postulated a "significant thermal event" in the 
 2
Late Cambrian-Early Ordovician.  However, the wide spread of their results was 
suggested by other authors (Turner et al. 1995) to be the result of the presence of 
"not one, but multiple generations of mica in varying proportions".  Turner et al. 
(1995) presented a summary map of northwestern Tasmania with dates of various 
samples.  They listed date ranges for various geologic events including uplift (486-
502 Ma) and high-pressure metamorphism (502-510 Ma). A more recent study 
(Turner et al. 1998) questioned the assumptions in this early work and concluded that 
whole rock data methods were inaccurate; they concluded that Ar/Ar isotopic dating 
is only robust when used on mono-mineralic material.  Additional dating results are 
summarized below and in Figure 1-2. 
1.1.2.2: ARTHUR METAMORPHIC COMPLEX 
The Arthur Metamorphic Complex, occupying an area called the Arthur Lineament, 
crosses the northwest corner of the state in a belt of fault slices more than 100 km 
long, but only 8 km wide (Figure 1-1).  Holm (2002) recognized three different 
deformational events in these rocks.  He interpreted CaD1 as synchronous with 
blueschist facies metamorphism (~ 450 to 500o C and 7,000 to 12,000 bars), but this 
metamorphism was only recognized in a few fault blocks.  The blocks which reached 
these conditions he interpreted to be allochthonous, and other blocks, which show 
evidence of CaD1 deformation, and no blueschist mineral assemblages, he interpreted 
to be autochthonous or para-autochthonous.   CaD2 took place in two stages. The 
earlier stage reached conditions near the greenschist amphibolite facies transition 
(just into garnet stability), but it varied in intensity, being generally stronger in the 
east and weaker in the west of the lineament.  Again different blocks show different 
levels of strain and the blocks with higher metamorphic grade are para-
autochthonous or allochthonous.  The later stage of CaD2 was much lower grade, 
only achieving greenschist conditions, lower temperatures than the early phase, and 
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pressures of ~ 3,000 bars.  However, all blocks across the lineament experienced this 
phase of deformation and were apparently at the same temperature by the end of 
CaD2. Holm (2002) concluded that while the various blocks came from different 
sources and experienced different conditions during CaD1 and early CaD2, they were 
all largely in their current configurations by the end of CaD2.  The final 
deformational event, CaD3, was significantly weaker in intensity than the others, and 
caused no significant metamorphic recrystallisation.  He recognized two different 
forms of albite porphyroblasts. The equigranular albite grains have a straight Si 
inclusion trails, indicating growth during a non-deformational period.  The elongate 
albite grains, on the other hand, are syn-rotational, with Si straight in their cores, and 
curved towards the rims. 
Another study from this complex (Turner and Bottrill 2001) focused on blue 
amphibole minerals within the Bowry Formation.  They estimated that minimum 
peak metamorphic conditions at this location were ~ 350o C, and 5,000-7,000 bars.  
Amphibole K-Ar ages of ~ 510 Ma have been reported for the Bowry Formation 
(Turner 1993). 
1.1.2.3: NORTH COAST 
1.1.2.3.1 Port Sorell Formation 
The Port Sorell Formation contains both lower (subgreenschist facies) and higher 
(blueschist facies) grade rocks which were juxtaposed against one another (Henson 
2002).  Illite crystallinity and b0 analysis of the pelitic units revealed medium 
pressure metamorphism ~ 250-300o C, 2,000-3,000 bars while microprobe analysis 
of blue amphiboles in a metabasite indicated metamorphism at ~ 350o C and 7,000 
bars.  The four deformational events from this area are correlated with those of the 
Arthur Lineament, with CaD1 in this area corresponding to monazite U-Th-Pb age of 
515 ± 14 Ma, and considered to be primarily responsible for south-directed transport 
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and layer-parallel shearing and fragmentation of the units.  The other three local 
deformation events correspond to CaD3, and two Devonian deformational events. 
Additional pressure and temperature estimates from the Port Sorell area were 
reported by Reed et al. (2002), who combined data from blue amphibole 
compositions with minimum estimates from phengite geobarometry to yield 
estimates of 400-500o C and 7,000-14,000 bars from blueschist facies rocks. They 
also recognized an earlier stage of greenschist metamorphism at ~ 3,000 bars and 
350-450o C.  
1.1.2.3.2 Settlers Schist 
Three small fault-bounded blocks near the Tamar River (Figure 1-1) make up the 
Settlers Schist as defined by Meffre et al (2000).  This unit combines the Settlers 
metamorphosed greywackes and the Simmonds Hill metamorphics of Green (1959).  
The fault-bounded lenses of Settlers Schist, each less than 1 km in length, are located 
within Cambrian ophiolitic rocks of the Beaconsfield Ultramafic Complex, and are 
comprised largely of quartz-mica-plagioclase schist with minor chlorite and epidote 
(Gee and Legge 1979).  The Settlers Schist has been the subject of some debate as to 
its protolith, but is most likely a metamorphosed granitic rock (Reed et al. 2001). 
Relict siliceous patches were interpreted as xenoliths by Berry et al. (2007—see 
Appendix 1 for full transcript of this companion document). Biotite K-Ar ages show 
that the metamorphism of the Settlers schist took place before the Early Ordovician 
{McDougall, 1965 #81; Turner, 1998 #30.   
Reed et al. {, 2001 #112} reported an additional small body of metamorphic rocks 1 
km west of Simmonds Hill which has typical amphibolite facies mineralogy and 
mafic composition.  
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1.1.2.3.3 Forth Metamorphic Complex 
The Forth Metamorphic Complex, located on the north coast of Tasmania, 
particularly along the Forth River (Figure 1-1), contains interlayered quartzite, 
amphibolite and schist.   The Ulverstone Metamorphics are an associated lower 
greenschist grade block, while the Forth Metamorphics are largely amphibolite facies 
(Burns 1964; Turner 1989).  The Forth Metamorphics include ortho-amphibolites of 
tholeiitic MORB-type affinity interlayered with banded garnetiferous schist and 
quartzite (Lewis 1991).  A garnet amphibolite from this complex has yielded zircons 
with an age of 514 ± 4 Ma (Black et al. 1997).  A number of Ar/Ar white mica 
measurements form this area cluster at 508 Ma (five samples) and 522 Ma (2 
samples) (Foster et al. 2005).  The 508 Ma ages reflect final assembly of the low and 
high grade fault blocks.  The significance of the 522 Ma Ar/Ar ages is less certain.  
Lewis (1991) estimated peak metamorphic conditions of 700 ± 50o C and 13,000 
±2,000 bars for kyanite-garnet-biotite schists in the highest grade part of this 
complex.  
1.1.2.3.4 Mersey River Metamorphic Complex 
The Mersey River Metamorphic Complex is exposed in northern Tasmania (Figure 
1-1) on the northern margin of the Tyennan Block.  It includes the low to medium 
grade metamorphic rocks of the Dove Schist, Howell Group and Fisher Quartzite 
(Turner 1989).  A few small mylonite zones from the Lake Rowallan boat ramp 
indicate south directed transport early in the deformational history (Berry and Bull 
2004).  The pelitic rocks of the Howell Group and from near Cradle Mountain 
contain garnet and biotite (Gee and Legge 1979) and are typical of the uppermost 
greenschist facies. No geothermobarometric data have been reported. 
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1.1.2.4: FRANKLIN METAMORPHIC COMPLEX 
The Franklin Metamorphic Complex contains the highest grade of regional 
metamorphism in Tasmania.  It is exposed along the Franklin and Collingwood 
Rivers, and is accessible via the Lyell Highway (Figure 1-1).  The complex contains 
lenses of pelitic schist, quartzite, amphibolite, eclogite, and whiteschist (e.g. 
Goscombe 1990; Kamperman 1984; McDougall and Leggo 1965; Råheim 1976; 
Spry 1962; Williams 1971).   The whiteschist was estimated to have formed at 
≥10,000 bars at ~ 600o C (Råheim and Green 1974). The eclogite has been the 
subject of several studies, with estimates of ~ 670o C, 11,000 bars for peak 
conditions and ~ 520o C, 7,500 bars for an earlier stage (Råheim 1976), 715-730o C, 
15,600-17,000 bars (Kamperman 1984), and ~ 700o C, 15,200 bars (Goscombe 
1990).  In addition Goscombe (1990) also reported conditions for the pelitic schist 
surrounding the eclogite at ~ 16,400 bars at 700o C. 
1.1.2.5: STRATHGORDON METAMORPHIC COMPLEX 
The Strathgordon Metamorphic Complex forms the core of a south plunging synform 
in an alternating sequence of quartzite and grey phyllite (Calver et al. 1990) exposed 
near the town of Strathgordon (Figure 1-1).  The structure of this area was 
extensively studied by Boulter (1972; 1978; 1989) and the distribution of garnet was 
mapped.   Portions of this sequence reaches garnet grade (upper greenschist?), and 
Boulter reported that the garnet/peak metamorphism occurred just before or during 
D2.  The metamorphic grade appears to be greenschist throughout the region.  
Detailed petrography by Råheim (1977) yielded a peak temperature estimate of 400o 
C at 3,000 bars.  Råheim and Compston (1977) reported a Rb-Sr age of ~ 780 Ma for 
peak metamorphism, with an isotopic disturbance (related to S4 development) 
between 620 and 540 Ma. 
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1.1.2.6: PORT DAVEY METAMORPHIC COMPLEX 
The Port Davey Metamorphic Complex is exposed on the southwest coast of 
Tasmania (Figure 1-1).  It contains pelitic schist, with amphibolite and garnet 
amphibolite lenses (Meffre et al. 2000).  The Nye Bay region was studied by 
McNeill (1985), who reported conditions of ~ 630o C, 7,500 bars for the garnet-
bearing schists.  The garnet-rich schist of the Port Davey area was described as being 
below 540o C (assuming pressures of ~ 4,000 bars) due to the absence of cordierite 
or staurolite (Williams 1982), and peak metamorphic assemblages of 450-500o C for 
amphibolite and 400o C for pelitic schist at ~ 4,000 bars was recorded by (Turner 
1989), who note that the Ca and Mn zonation in the garnet crystals imply two 
different sets of growing conditions.  
1.1.2.7: OFFSHORE DATA 
Off the southern margin of Tasmania is a large area of thin continental crust (South 
Tasman Rise and East Tasman Plateau). Dredge samples of metamorphic rock from 
the area were separated into three suites by Berry et al (1997). The first suite is low 
to medium grade metamorphic rocks indistinguishable from those exposed in 
mainland Tasmania (“Slates”, “Phyllites” and “Schists”). These were recovered from 
relatively shallow water near the present exposed areas west and south of mainland 
Tasmania. The other two suites are unlike Cambrian rocks from Tasmania and are 
excluded from this discussion.  Very low to medium grade metamorphic rocks were 
recovered from a large number of dredge hauls. Muscovite garnet phyllites and 
biotite muscovite garnet schists are common. Typical P/T results were 550o C and 
6,000 bars. Metasedimentary rocks from the South Tasman Rise have an early 
Palaeozoic K/Ar biotite age and a Cambrian chemical U-Th-Pb age similar to 
metamorphic samples from Tasmania. 
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1.1.2.8: TECTONIC MODELS 
Recent studies have combined all of the above categories of investigation with 
theories of plate tectonics. They attempt to answer questions concerning the tectonic 
settings/processes responsible for the deformation recorded (Foster et al. 2005; Holm 
2002; Holm and Berry 2002; Meffre et al. 2000; Reed et al. 2002). There have been a 
variety of models proposed for the tectonic history of Tasmania.  One early model 
proposed that Dundas Trough marks the location of a narrow rift with thinning of 
continental crust, followed by later compression and faulting (Brown 1986; Campana 
and King 1963; Varne and Foden 1987; Williams 1978).  This view is in marked 
contrast with another which described the Dundas Trough as the location where an 
ocean basin closed via subduction, bringing together the Rocky Cape and Tyennan 
Regions during the Cambrian (Corbett and Lees 1987; Crook 1980; Green 1983; 
Solomon and Griffiths 1972, 1974).  Both of these models were questioned by Berry 
and Crawford (1988), who proposed instead that various mafic/ultramafic complexes 
represent allochthonous sheets which were emplaced onto Tasmania, most likely 
from a forearc origin.  Many of the recent papers (Black et al. 2005; Cayley et al. 
2002; Foster et al. 2005; Meffre et al. 2000; Münker and Crawford 2000) accept that 
a Cambrian passive margin was overthrust during arc-continent collision by a mafic-
ultramafic complex and turbidites during the early convergent stage of the 
Delamerian-Ross Orogeny, resulting in high-pressure metamorphism of the 
underlying wedge (~ 510 Ma) followed by thinning via post-collisional extension 
(grabens) and magmatism (505-495 Ma).  An alternative view is that the 
metamorphic rocks discussed in this thesis are part of a core complex formed during 
Middle Cambrian extension (Hall 1998; Noll and Hall 2005).  
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1.2:AIMS OF THIS THESIS 
A) Provide an overview of the pressure/temperature history of Cambrian 
regional metamorphic rocks in Tasmania. 
B) Determine PT-t paths for selected metamorphic rocks from Tasmania with 
particular interest in medium grade pelitic rocks.  
C) Elucidate the age of metamorphism using chemical U-Th-Pb dating of 
monazite. 
D) Place this data in a tectonic context consistent with all of the data on the 
Cambrian history of Tasmania. 
While this thesis concentrates on results from the pelitic rocks, the eclogites from the 
Collingwood River area were also studied in a cooperative project with geologists 
from the Museo Nazionale dell'Antartide, and the Dipartimento di Scienze della 
Terra at Siena University and that aspect of the project was reported in Palmeri et al. 
(2009—see Appendix 1).  Section C) represented the continuation of an ongoing 
study started in 2004. The initial results of chemical U-Th-Pb monazite dating were 
reported after the first year of this thesis project in (Berry et al. 2007—see Appendix 
2) and has continued. This thesis integrates data from all 5 years of the study. 
1.3:METHODS OF STUDY 
1.3.1: Sample Collection 
The greatest emphasis of this study has been in the medium grade metamorphic rocks 
along the Collingwood River in central Tasmania. While there have been extensive 
structural studies in the area, the metamorphism has received less attention.  This 
area was targeted for further field work and a new round of sampling.  Forty-three 
samples from the Franklin Metamorphic Complex were collected over two field 
seasons. The exposure in this region is poor, being limited, by extensive dense 
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vegetation, to variably weathered road-cuts, mountain tops, and fresher outcrop 
within the river bed itself.  The new sampling collection concentrated on the least 
weathered rocks along the banks of the Collingwood River.  These were collected 
during periods of low rainfall when the river was at its lowest levels.  In addition to 
the riverbed samples, oriented mylonitic samples were collected from both road and 
river outcrops for structural analysis. In addition to this sampling, this project also 
examined samples collected from across all metamorphic regions of Tasmania and 
housed in the University of Tasmania rock storage facility.  Collectors include Berry 
(various years) Boulter (1972), Gee (1962), Holm (2002), Kamperman (1984), Lewis 
(1991), Meffre (2000), McIntyre (1964), McNeill (1985), Spry (1962), Turner 
(1971), and Williams (1971).   Some additional reconnaissance mapping in the upper 
Mersey Valley and in the Forth Metamorphics was also conducted.  However, no 
relevant new samples were collected from those areas.  A full table of samples 
collected from this study, and those investigated from previous studies is available in 
Appendix 3. 
1.3.2: Analytical Methods 
Petrographic analysis of polished thin sections of the samples was carried out using a 
polarising microscope to determine the suite of minerals present within each sample, 
their textures and relationships.  From several hundred samples, 170 thin sections 
were examined in detail and 39 were chosen from five different regions for detailed 
micro-analytical work.  Because garnet-isopleth thermobarometery was selected as 
one of the primary tools for the investigation (see below), all of these samples 
included garnet, commonly as porphyroblasts, locally reaching 2 cm in diameter.  
Where possible, samples were chosen which contained the combination quartz-
garnet-biotite-muscovite-plagioclase-kyanite to permit the application of more than 
one geothermobarometer.  However, it is quite rare for any one sample in this suite to 
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contain all of the desirable minerals, therefore samples containing as many as 
possible were selected.  The five regions selected for detailed analytical work are, 
from north to south, the Forth, Collingwood River, Mt. Mary, Mulcahy Bay, and Nye 
Bay areas.  The Arthur Metamorphic Complex was the subject of a recent University 
of Tasmania PhD thesis (Holm 2002) and subsequent publications (Holm and Berry 
2002; Holm et al. 2003), and as a result samples from this area were not re-examined 
for this project.   Samples from the Mersey, Settlers, and Strathgordon areas were 
unsuitable for geothermobarometric analysis, generally due to the extensive 
alteration and/or weathering of garnet and biotite in these rocks. 
1.3.2.1: MINERAL ANALYSIS 
The Cameca SX100 electron probe microanalyser at the Central Science Laboratory 
of the University of Tasmania, equipped with five wavelength dispersive 
spectrometers, was used to conduct quantitative analyses of individual mineral grains 
within the samples.  A table of representative analyses is presented in Appendix 4, 
and of all microprobe results is presented in Appendix 5.  Two sorts of analysis were 
performed, standard silicate mineral analysis, and chemical U-Pb-Th dating of 
monazite.  The microprobe was set to operate at 15keV, 10nA for the standard 
silicate analyses, and the monazite analyses were carried out at 20 kV and 100 nA.  
Prior to microprobe analysis, many samples had analysis-points pre-selected using a 
digitized Olympus BX40F4 light optical microscope and recorded to a file via 
Microbeam Services Digimax software, which was then recoordinated with software 
on the Microprobe, saving considerable instrument time during the set-up stage.  In 
addition, the FEI Quanta 600 MLA Environmental Scanning Electron Microscope 
and associated JKTeck MLA software at the UTAS Central Science Laboratory was 
used to create maps detailing the locations of all monazite grains located within some 
of the samples selected for monazite analysis.  These maps recorded the size and 
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location of the monazite grains, and identified the minerals surrounding the monazite 
grains, creating false-colour images of all monazite grains and their enclosing 
minerals.  During this process a back-scatter electron image of the entire thin section 
was also created.  These maps allow for very efficient selection of grains to be 
analysed for U-Th-Pb ages.  Both manual locating and selecting of monazite grains 
on the microprobe, and the use of MLA maps were carried out in this project and 
MLA maps were vastly superior especially were the host of monazite grains needed 
to be identified.  For example, in some sections of this study monazite grains 
included in garnet were targeted. Not only does the MLA mapping software save 
many hours of labour in terms of grain selection, but the grains thus selected have a 
much clearer context. 
1.3.2.2: WHOLE-ROCK ANALYSIS 
Whole-Rock chemical analysis was accomplished via X-Ray Fluorescence (XRF) 
using a PANalytical (Philips) PW1480 X-Ray Spectrometer located at the School of 
Earth Sciences—CODES, University of Tasmania using procedures outlined by 
Robinson (2003) see Figure 1-3 for settings and details.  A full list of XRF results, 
and the corrections made thereto, is presented in Appendix 6.  The XRF results 
underwent two standard corrections before they were used in calculations.  The 
Fe2O3 reported was converted, unless otherwise specified, to FeO using the 
assumption that 90% of the iron present was Fe2+ [((Fe2O3 x ((2 x 71.84))/159.69) x 
0.9].  The CaO in the whole rock composition was reduced to account for the 
phosphorous present in apatite.  In most cases it was assumed that the P is primarily 
located in apatite, and therefore a proportional amount of calcium is also unavailable 
for other minerals [CaO-(P2O5/(55/42))]. However, in a few cases alternative 
assumptions were made and these are outlined in the relevant section. 
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1.3.2.3: LASER-ICPMS 
Laser ablation analysis of isotopes of uranium, thorium and lead in zircon was 
performed on two Collingwood River samples using the Agilent HP 4500 ICP-MS in 
the Earth Science Department of the University of Tasmania.  The zircons were 
separated from their samples by crushing, milling, the use of a gold pan and a strong 
rare earth magnet before being mounted in epoxy. They were analysed using 35 
micron spot size using a 193 mm laser on the Agilent 7500 ICP-MS MS in the Earth 
Science Department of the University of Tasmania.  The method used is similar to 
Meffre et al (2008).  No imaging was performed on the zircons due to time 
constraints.  This was run as a pilot study to compare the results with those obtained 
via monazite chemical U-Th-Pb microprobe results.  In addition to the zircons the 
separate of one sample, RC0710, was rich in monazite. Therefore two grains of 
monazite from this sample were analysed with the ICP-MS in addition to the zircons. 
Subsequent to that analysis, this sample was also selected for microprobe monazite 
analysis, making it the only sample in this study to undergo EPMA of U-Th-Pb in 
separated grains.  All other EPMA analyses were in-situ.  
Laser ablation analysis of isotopes of common lead in muscovites was performed 
using the Agilent 7500 ICP-MS in the Earth Science Department of the University of 
Tasmania.  For some rocks these produced useful results but in most examples the 
system had suffered from Pb mobility during alteration and the results were not 
useful. This ran as a pilot study and was not extended to a full study of the 
metamorphic rocks.  The full table of laser ablation results is presented in Appendix 
7. 
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1.3.3: Data Analysis 
1.3.3.1: MINERAL STOICHIOMETRY CALCULATIONS 
The program Ax-Activity-Composition (Holland and Powell 2000) was used to 
calculate mineral stoichiometry from the microprobe results.  These values were used 
for thermodynamic calculations, except where otherwise noted. 
1.3.3.2: CLASSICAL GEOTHERMOBAROMETERS 
Several different approaches to geothermobarometric calculations were undertaken. 
A table detailing the results from each technique by sample is presented in Appendix 
8.  
Thermocalc 
The program Thermocalc (Powell et al. 1998) was used to perform average pressure-
temperature calculations for the compositions of the garnet rims and matrix minerals 
which were interpreted to be in equilibrium.  
GB-GASP 
The garnet-biotite geothermometer (Holdaway 2000) and the garnet-Al-silicate-
plagioclase geobarometer (Holdaway 2001) is the combination of choice for 
geothermobarometry of amphibolite facies pelitic rocks.  It is unfortunate that only 
two samples studied contained all of the requisite minerals to use these 
geothermobarometers in tandem with one another.  The results are further 
complicated by the fact that best results are said to be obtained for samples 
containing plagioclase with at least 0.15 XAn and garnet with at least 0.05 XGrs (Todd 
1998) and the samples used in this study are mainly lower in calcium than these 
limits.  While a number of garnet grains analysed reach that level of grossular 
concentration in the rim, very few of the plagioclase have the requisite XAn.  
However the error limits suggested by Todd (1998) are very pessimistic. A review of 
the effect of low Ca on the errors associated with these calculations is given in 
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Appendix 9. The errors quoted in this thesis for results using these methods have 
been adjusted to allow for this effect.    
The calibration was applied to rim compositions for sets of the required minerals 
which are in close proximity to and textural equilibrium with one another. It was not 
used to estimate T/P for core or garnet zoning patterns. 
GB-GBPQ 
The formulas needed for the garnet-biotite geothermometer (Holdaway 2000) and the 
garnet-biotite-plagioclase-quartz geobarometer (Wu et al. 2004) are combined in a 
single spreadsheet available from the later set of authors.  The spreadsheet takes 
input data in the form of the number of cations of elements for each mineral to 
calculate the temperature and pressure for the rim compositions for sets of the above 
listed minerals.  As with all geothermobarometers, it is recommended that the 
minerals used be not only in close proximity to one another, but that they also 
display textural equilibrium with one another.  However, the authors caution that the 
optimal compositional ranges for the minerals are XGrs > 3% in garnet, XAn > 17% in 
plagioclase, and XAl(Bt) > 3% in biotite, and suggest that caution be used for minerals 
outside of these ranges.  While all of the biotites measured fall into the appropriate 
range, and many of the samples used for this study do contain garnet crystals with a 
sufficient XGrs component at the rim, none contain plagioclase with sufficient Ca to 
fall within that range, the highest value measured being XAn 0.15.  This limits the 
precision of pressures calculated by this technique.  An assessment of the additional 
error has been made and this is discussed in Appendix 9. In general for most of the 
samples here the error is less than 1000 bars but greater than typically expected for 
this technique. 
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GBMAQ 
The garnet-biotite-muscovite-aluminosilicate-quartz geobarometer (Wu and Zhao 
2007) is specifically calibrated to be effective with samples, like the ones in this 
study, which contain Ca-poor garnet and/or plagioclase.  Again the T was estimate 
using the garnet-biotite geothermometer of Holdaway (2000).  The P and T were 
calculated using a spreadsheet provided by Wu (pers comm.). This assemblage was 
available in three samples and produce pressure estimate entirely consistent with the 
GASP geobarometer provided a suitable additional error was included to allow for 
the low Ca in plagioclase. Calculations were restricted to rim compositions in close 
proximity to one another and in textural equilibrium.   
1.3.3.3: PERPLEX 
Whole-rock/garnet core calculations 
The program Perple_X07 (Connolly and Petrini 2002 – last updates downloaded on 
12 Dec 2007) was used to calculate rock-specific equilibrium assemblage diagrams 
(also called isochemical sections (e.g. Tinkham and Ghent 2005) for samples based 
upon their whole-rock (XRF) compositions (Vance and Mahar 1998).  Comparison 
of the resultant predictions of which minerals should be stable for that sample at 
various temperatures and pressures with the minerals actually present in the sample 
is a tool for determining the metamorphic history of each sample.  In particular 
garnet compositions can be thus successfully modelled, with the program creating 
graphs of the change of composition with changes of temperature and pressure for 
each of the four garnet end-members (almandine, pyrope, grossular and spessartine).  
The intersection of the isopleths which correspond to the composition as measured 
by the microprobe for the garnet core composition gives the temperature and 
pressure at which this garnet would have first crystallized for that sample.  In many 
cases there is not a precise intersection of these isopleths.  However, a reasonable 
approximation of the garnet core formation conditions can be determined by using 
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the Werami application of the Perple_X07package to determine the compositions 
and amount of each of the minerals present for a variety of temperature and pressure 
combinations in the region of likely isopleth intersection, usually in increments of 5 
degrees and 100 bars over the range of interest.  These results were then put into an 
Excel spreadsheet template which calculates the activity for each of the garnet end-
members and compares them with the measured values for each.  The “best fit” for 
each sample was determined by summing the absolute values of the differences 
between the measured and predicted compositions for each of the garnet end 
members, and selecting the P/T with the smallest sum of differences, then plotting 
those coordinates on the graph showing the isopleth intersection to confirm that it is 
also a good visual fit.   
In addition Perple_X07 was also used to calculate the changes in garnet assuming 
garnet fractionation along a PT path with the aim to explain the rim composition. 
There are other programs available which will accomplish these same tasks (see 
Hoschek 2004 for a comparison of several). Perple_X07 is relatively straightforward 
to use, and has been demonstrated to be an effective tool for pelitic rocks of similar 
composition to the ones in this study (e.g. Gaidies et al. 2006).  It was used here to 
model the compositional zoning in selected garnet grains. 
The simplified model system MnO-Na2O-CaO-K2O-FeO-MgO-Al2O3-SiO2-H2O-
TiO2 (MnNCFMASHT) was chosen for Perple_X07 calculations because this range 
of oxides includes most of the common rock-forming minerals in metapelites.  The 
program uses a gridded Gibbs free-energy minimization approach (Connolly 2005) 
and an internally consistent thermodynamic data set (Holland and Powell 1998 and 
subsequent updates).  The thermodynamic data file used was hp02ver.dat 
(downloaded, along with the program, in December 2007), and the solution models 
employed in these calculations are TiBio(HP), Chl(HP), Pheng(HP), St(HP), 
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Ctd(HP), feldspar, TrTsPg(HP), Gt(HP), IlGkPy, and Omph(HP).  For some samples 
where tourmaline is present, calculations were also performed using modifications to 
the thermodynamic data file (Van Hinsberg and Schumacher 2007) to consider the 
component B2O3 and the mineral tourmaline and a comparison of both versions (with 
and without B2O3) are presented.  Other than for the tourmaline calculations, 
Perple_X07 calculations were initially conducted as set out by Gaidies et al. (2006), 
and preliminary results had been obtained using their suggested solution models and 
an older version of Perple_X07 (downloaded June 2006, and using solution files 
dating to November 2004).  However, it was determined that the 2007 upgrade was a 
more appropriate choice, particularly as it reduced calculation times by a factor of 
twelve.  This change required the recalculation of all results, as the new version no 
longer supported the feldspar model (AbPl) that had been selected for the early 
modelling (after Gaidies et al. 2006).   
PT path and automated garnet fractionation calculations 
The program Perple_X07 (Connolly and Petrini 2002) was also used for phase 
fractionation calculations, assuming that garnet is the only mineral in the system to 
fractionate, using the same solution models, system components and thermodynamic 
data files as were used to calculate the rock-specific equilibrium assemblage 
diagrams.  For these calculations the conditions under which the garnet cores formed 
was first determined (as above), and the results input for the starting temperature, 
pressure and wt% of each oxide for the phase fractionation calculations.    
Temperature was set to change with pressure and a slope for that function was 
chosen and calculations performed.  The results were compiled and a graph of the 
change in compositions of the garnet end-members with changes to pressure was 
created to compare the various compositions predicted for garnet rims during 
fractionation with the measured compositions.  In general it was necessary to try 
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more than one slope for the fractionation path.  For each slope tried, a diagram was 
created in P-T space which showed the slope of the path and the points upon the path 
at which the fractionating garnet is predicted to achieve the same composition as the 
measured garnet.  Plotting these results for more than one path and linking the points 
for each end-member reveals the manner in which different fractionation paths would 
affect garnet composition.  The path located where the lines linking each end-
member target composition converge to a single temperature and pressure is regarded 
as that best reflecting the changes in condition which resulted in the formation of this 
garnet.  It is worth noting that the modelled paths do not produce an exact match for 
all four end-members; due to the low concentration of Mn for the starting whole-rock 
composition, XSps is predicted to run out early in the fractionation history, requiring 
that the calculations be re-started from that point without Mn.  (The composition for 
the whole-rock given at the last step before Mn runs out is used for the re-start).  As a 
result of this circumstance, the predicted T/P for XSps matching the measured garnet 
rim is always substantially lower than that of the other end-members.  However, once 
a path was found which results in the other three garnet end-members having a 
predicted composition close to the measured composition at a single 
pressure/temperature, the whole-rock composition predicted for those conditions 
(after garnet has been fractionated out of the system between there and the starting 
conditions) plus an additional 0.001 wt% was used to do a second full 
Perple_X07calculation, this time with the intersections of the isopleths which match 
the garnet rim composition being used to determine the pressure and temperature of 
the conditions of formation for the garnet rim.   
Manual garnet fractionation calculations 
The other method used with Perple_X07to attempt to determine the conditions for 
garnet rim formation is a manual subtraction of the quantity of garnet predicted to be 
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present at the temperature and pressure of garnet-core formation based rock-specific 
equilibrium assemblage calculations, followed by a second “rock-specific” 
calculation for the “whole-rock” composition thus modified.   
Display of Perple_X results 
Note that in addition to Perple_X generated figures within the body of the thesis, all 
figures are also presented in electronic format on the accompanying CD. In cases 
where details in the paper figures are difficult to discern the reader is advised to 
consult the electronic format of the figure, which will permit a greater level of 
magnification.   
1.3.3.4: STRUCTURAL ANALYSIS 
 
The structural analysis of the Franklin Metamorphic Complex was largely carried out 
during the period from 1955 to 1970. These studies pre-dated the modern application 
of mylonite kinematic indicators to structural problems. Berry et al. (1990) noted that 
mylonites occur in this area. During the regional mapping sampling program, 
possible and probable mylonitic rocks were widely observed.  In order to contribute 
to a discussion of the tectonic significance of these metamorphic rocks it was 
considered important to carry out a reconnaissance study of the mylonitic rocks in 
the area. Several oriented samples were collected. Most of these samples showed 
typical mylonitic textures in thin section. The results of this analysis were used to 
constrain movement direction on faults in the Franklin Metamorphic Complex. A 
table of the results by sample is presented in Appendix 10.  This result was combined 
with published structural data to develop new cross sections of the complex, 
orientated parallel to the direction of early ductile fault movement in the area. These 
results are also important in relating the metamorphic data to the tectonic history of 
the area.   
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1.4:STRUCTURE OF THESIS 
The results of the thermobarometric portions of this study are presented by region. 
Chapter Two covers the Collingwood River area of central Tasmania, Chapter Three 
covers the southwest coast of Tasmania, and Chapter Four the results from other 
regions in the state (Figure 1-1).  The timing of metamorphism for all regions is 
addressed in Chapter Five, which covers both the monazite age dating and the results 
of a pilot study on the applicability of Pb isotopic analysis to metamorphic pelitic 
rocks.  Chapter Six contains the discussions and conclusions.  The appendices 
includes the full text of the two papers which were published in conjunction with this 
project (Berry et al. 2007; Palmeri et al. 2009), as well as supplementary data on 
techniques used and methods applied. 
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The Cambrian Metamorphic History of Tasmania
Chapter 2
Collingwood River
CHAPTER 2: COLLINGWOOD RIVER 
2.1:FIELD DATA 
2.1.1:  Field Relations 
The Collingwood River region (Figure 2-1) is intensely faulted and contains the 
highest-grade regional metamorphic rocks in Tasmania.  It includes several different 
rock types, including pelitic schists, eclogite, phyllites, and whiteschist, all of which 
are interlayered or in blocky fault-bounded segments.  This project focuses on two 
areas within the region—the “north block”, located in the area wherein both the 
Collingwood River and Lyell Highway run nearly east-west (Figure 2-1B) for a 
roughly 3 km stretch, and the “south block”, located where the river and road run 
generally northwest-southeast (Figure 2-1E) for five km.  In general, the north block 
units are coarser-grained than their south block counterparts, and the south block 
pelitic rocks are more micaceous than are the northern block pelites.  The pelitic 
schists, quartzites, and minor amphibolites and eclogites, of the Collingwood River 
area were called the Franklin Group schists by Spry (1962), and various publications 
based upon that research.  Spry’s map of the Frenchman’s Cap area shows the 
Franklin Group throughout this region, including both “northern” and “southern” 
blocks as described above.  The more recent nomenclature for this area is the 
Franklin Metamorphic Complex (e.g. Meffre et al. 2000).  
The north block includes the schist with the largest crystals of garnet in the region 
(e.g. sample 160694 and 68788), which outcrops in the Collingwood River, between 
its intersections with Bill’s Creek and Balaclava River (Figure 2-1D).  
Approximately four hundred metres downstream from the Balaclava-Collingwood 
River intersection is the first outcrop of eclogite (160703 & 160704) in the area; an 
outcrop of schist (160701) between the eclogite and the Balaclava River is richer in 
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quartz, has less muscovite, more albite and much smaller crystals of garnet than the 
schist at Bill’s Creek.  From the first appearance of eclogite the riverbed outcrops 
alternate between blocks of eclogite and various pelitic schists and quartzites for 
about 500 metres before the last outcrop of eclogite (for reasons of scale, that entire 
stretch of river is designated as “eclogite” in Figure 2-1B, despite the variety of rock 
types present). About two hundred metres further downstream is a quartzite, and 
another 500 metres downstream is a phyllite which is interpreted as the major fault 
zone separating the northern block from the southern block.   Samples from the 
southern block were collected from along the Collingwood River just upstream from 
the intersection with Scarlett Creek (Figure 2-1E, Figure 2-2).  This area contains 
interlayered quartzite, eclogite, fine-grained pelitic schist, mylonite, and an outcrop 
of whiteschist which crops out as a transitional (alteration?) zone around a ?boudin 
that is no longer present either due to either weathering or to some physical erosional 
process (Figure 2-1G).  A possible interpretation of this outcrop is that this was a 
chlorite altered rind to a mafic boudin which was subsequently metamorphosed. 
The geothermobarometric results reported below are from the northern block pelitic 
schists, and from the whiteschist of the southern block. In addition, there are 
monazite age results reported for the whiteschist and for pelitic schists from both 
blocks. 
The eclogite of the northern block was the subject of a collaborative companion 
study to this project, and the manuscript (Palmeri et al. 2009) containing the details 
of this work is presented in Appendix 2. 
2.1.2: Collingwood River Cross-Sections 
Cross-sections along two lines, one in north block (Figure 2-1C), and one in the 
south block (Figure 2-1F) were constructed from new structural data and published 
field data (Brown et al. 2005; McIntyre 1964).  The southern line is located 
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approximately five kilometres to the south east of the northern line, and its 
westernmost extent is eastward of the western end of the northern line (in addition to 
being further south).  Both blocks are fault bounded, containing high-grade units 
surrounded by lower grade, but still strongly deformed rocks.  There are minor 
mylonitic zones within each block, and the main boundary of at least the north block 
is a low temperature mylonite zone (phyllonite).  
 
2.1.3: Mylonite Results 
Five oriented samples of mylonite were collected from the Collingwood River area.  
Three come from the northern block from an outcrop on the Lyell Highway, near 
where Bill’s Creek passes under the road before joining Collingwood River, and two 
from the southern block, from outcrops in the river bed upstream from the 
intersection of Scarlett Creek (Figure 2-3).  The three from the northern block have a 
foliation that dips 32-40o towards 231-258o, and a stretching lineation which plunges 
32-39o towards 235-268o.  These samples are very mica-rich, and the mica fish form 
excellent kinematic indicators (Figure 2-4) showing a top-to-the-east displacement.  
The two from the southern block share very similar orientations to one another on 
their foliations (~ 62/205o), but markedly different orientations for their lineations, 
which both plunge 59o, but one to the south east and the other to the south west 
(Figure 2-5).  One of these, 160731, a quartz-rich sample shares a top-to-the east 
sense of displacement, based on the orientation of quartz sub-grains (Figure 2-5), 
with the north block samples.  The other, 160734, is a more mica-rich sample that 
has its mineral stretching lineation orientation nearly perpendicular to that of 160731, 
and reveals a top-to-the north sense of displacement (Figure 2-5).   
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2.1.4: Regional Cartoon 
The cross-sections (Figure 2-1 C and F) were used in conjunction with the mylonite 
kinematic indicators (Figure 2-3) for the construction of schematic regional sketches 
showing a possible interpretation of the general structure of the Collingwood River 
region (Figure 2-6).  A major fault zone is expressed by the outcrops of phyllonite.  
Lesser, related, faults bring different grades of schist to the surface, and interlayer the 
boudins of eclogite with schist. This interpretation is in marked contrast with that of 
Spry (1962) (Figure 2-7), who interpreted the section as a recumbent fold to account 
for the complexities inherent in the area.  Early workers failed to recognize the 
mylonitic fabric of the area; as a result their picture of the significance of the high 
strain features was incomplete. The east and north directed transport inferred from 
the rocks is different from some of the other transport indicators for similar age rocks 
in Tasmania. The significance of this difference will be discussed in Chapter 6. 
2.2:DESCRIPTION OF SAMPLES 
The pelites from the northern block that received detailed analysis for this project 
contain the assemblage Qtz + Ms + Grt ± Pl ± Bt ± Tur ± Ky with rutile and 
monazite as accessory minerals.  Quartz and muscovite are the dominant minerals, 
with the muscovite up to 4 mm in length.  Biotite is present as a minor component in 
most of the Collingwood River schists, with generally much smaller grains (< 1 mm) 
than the muscovite, and these grains have typically been chloritised.   The samples 
that contain tourmaline have little to no biotite.  Kyanite was identified in the matrix 
in only two of the Collingwood River pelitic samples.  It is present as large (3 x 0.6 
mm long) grains in the otherwise fine-grained mylonite, 160706, and as a very small 
(0.1 mm diameter) grain in the coarse grained 160696 (Figure 2-8).  In addition it 
was identified as an inclusion within garnet in sample 160694 (Figure 2-8), where it 
is not present in the matrix. It may also be present as small inclusions within garnet 
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in those other samples which did not undergo detailed inclusion analysis.  Kyanite is 
also present in the whiteschist (160730, Figure 2-8) 
The garnet grains from the Collingwood River pelites have cores that are moderately 
homogeneous with respect to Fe, Mg & Ca and a zoned rim (Figure 2-9).  While 
none of the samples are very high in Mn, they generally show some change in XSps 
across the core, no matter how flat the graphs are for the other three end-members 
(Figure 2-9).  This pattern of largely homogeneous cores and zoned rims holds true 
for various sized crystals, with garnet as small as 1 mm and as large as 1 cm 
displaying this feature.  The garnet cores are 0.8 - 0.85 XAlm, 0.08 - 0.12 XPrp, 0.02-
0.04 XGrs, and 0.4 – 0.11 XSps. Where there is any zonation in the cores, it is 
dominated by spessartine zoning.  The rim zoning involves a decrease of XAlm down 
to as low as 0.70 XAlm, with the most common rim composition ~ 0.78 is XAlm.  The 
rims show an increase of XPrp to as high as 0.21, with most of the garnet grains 
analysed falling in the range 0.13 – 0.17 XPrp.  The XGrs composition rises to as high 
as 0.14 on the rim, but more typically reaches 0.06 to 0.08 at the rim (and in some 
samples XGrs is unzoned even on the rims).  Finally, the XSps component decreases 
towards the rim (Figure 2-9).  The garnet crystals of Collingwood River are 
remarkably similar to one another in their compositions, as shown by a comparison 
of the individual analyses presented in Figure 2-9.  The cores and the rims of these 
garnet analyses plot in clearly different regions.  In the Ca-Mn-Mg diagram the rims, 
as one would expect, are below 10% Mn and range between 40-90% Mg (10-60% 
Ca), while the cores are generally Mn 10-40 %, Ca 10-30%, Mg 50-90%.  The 
compositional region defined by the cores overlaps that of the rims in the vicinity of 
Mn 0-10%, Ca 10-20%, and Mg 80-90%.  In the Fe-Mn-Ca diagram there are again 
two distinct groups—primarily because the cores contain more Mn than do the rims. 
For this diagram there is less apparent variation in the core compositions (85-95% 
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Fe, 1-15% Mn, 1-10% Ca) than in the rims (75-95% Fe, 1-25% Ca, and 0-1% Mn), 
but again, the two regions converge on a single meeting point around 95% Fe, 2% 
Mn, and 5% Ca.  The Fe-Mg-Ca diagram reveals that while most of the Collingwood 
River samples have the same sort of composition for their garnet core (the region 
marked by 70-80% Fe, 1-10% Ca & 10-20% Mg), there are two distinct rim 
populations, one of which is richer in Ca, the other richer than Mg.  Of the three 
samples from the higher Ca-rim group one was also analysed for XRF whole-rock 
composition. It is much higher in whole rock Ca and lower in Mg than those from the 
other group with Mg rich rims. The third diagram compares XAlm, XPrp+XSps and XGrs 
(Figure 2-9c). It shows one cohesive group of core compositions from 75-90% XAlm, 
1-10% XGrs, and 10-25% XPrp+XSps, but a broader range in rim compositions, with 
each sample having a narrow trend in their rims, but some having rims that are 
noticeably different from the others.  A few range from 10-20% XGrs and XPrp+XSps, 
and 70-80% XAlm,  while the others are more like 1-10% XGrs, 15-25 XPrp+XSps, and 
70-80 XAlm.  More specific comments pertinent to the composition of garnet in each 
sample are included below, in conjunction with the geothermobarometric results for 
those samples.   
Plotting the compositions of individual garnet analyses on triangle diagrams (Figure 
2-9, Figure 2-10) shows marked contrast in the compositional trends of cores vs 
rims; the rims change their compositions along different paths than the cores.  In 
general, all of the garnet grains analysed from Collingwood River display similar 
compositional trends (Figure 2-10). 
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2.3:WHOLE ROCK COMPOSITIONS 
Whole-rock chemical analyses were measured for ten Collingwood River pelites 
(Figure 2-11).  They are all low in calcium (0.06-0.66 wt%—see Appendix 6).  The 
lowest of which, sample (160696), was so low in Ca that the standard correction for 
apatite (see section 1.3.2.2) resulted in a negative value, therefore that sample was 
not considered for Perple_X calculations.  When compared (Figure 2-11) with the 
average pelite of Symmes and Ferry (1992) these samples plot considerably higher in 
A (both AL2O3 – 3 K2O and AL2O3 – K2O –NA2O) and lower in F (both FeO and FeO + 
MgO + MnO) and M (MgO) and C (CaO).  There is a much tighter grouping of these 
composition on the ACF diagram than on the AFM.   
2.4:PT FROM GARNET RIM AND MATRIX MINERAL COMPOSITIONS AND CLASSIC 
GEOTHERMOBAROMETRY 
The pressure and temperature for the peak metamorphism was calculated for the 
garnet rims and matrix minerals garnet biotite Fe-Mg exchange geothermometry. The 
calibration of Holdaway (2000; 2001) is used throughout. Three common 
geobarometers are used and in each case a very recent calibration is applied. These 
are GASP (Holdaway 2001), GBPQ (Wu et al. 2004) and GBMAQ (Wu and Zhao 
2007). These provide an internally consistent set of calibrations.   
Garnet-biotite-muscovite-kyanite-quartz (GBMAQ) is a calibration particularly 
designed for rocks with low Ca; there is some doubt over the accuracy and 
applicability of other geobarometers for such samples, as they depend on the reaction 
between anorthite and grossular. There was a single sample from Collingwood River 
in this study that contained this assemblage in apparent textural equilibrium (see 
section 2.4.2).  The GB-GBPQ geothermobarometer has been calibrated for use in 
metapelites which are lacking in aluminosilicate minerals (Wu et al. 2004).   Ten of 
the Collingwood River samples analysed contained the combination garnet-biotite-
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plagioclase-quartz required for this geothermobarometer.  Unfortunately, not all of 
these yielded useable results, due to altered biotite or plagioclase with XAn too low 
for reliable estimates (see Appendix 9); such samples are not reported here.  All of 
these samples were also analysed for average temperature and pressure via 
Thermocalc.  Details for the results for each sample are listed below, followed by a 
summary for the overall results for the region.  Most of these samples have high 
garnet and low biotite. They are not suitable for the calculation of PT conditions for 
the initial growth of garnet by assuming an infinite matrix reservoir (cf. Kohn 2004).   
PT conditions for the garnet cores were calculated from garnet isopleth 
thermobarometery from the bulk rock composition. 
2.4.1: 67659 
Sample 67659 (Qtz-Ms-Grt-Pl-Bt schist with rutile and huttonite as accessory 
minerals) is more than 50% fine-grained quartz (< 1 mm), and 25% muscovite, 
which occurs in laths up to 2 mm long that define the foliation (Figure 2-12).   This 
was one of the few samples analysed which did not contain accessory monazite.  The 
grains of garnet are generally < 2 mm in diameter, and do not show a visible core-rim 
boundary.  The rare grains of plagioclase are up to 2 mm in length. The even rarer 
biotite never exceeds 0.5 mm in length.  However, unlike most other Collingwood 
River samples, most of the biotite analysed is unaltered.  
The compositions for the garnet end-members of the garnet core are 0.82 XAlm, 0.09 
XPrp, 0.025 XGrs, and 0.07 XSps.  The largest garnet grain analysed (0.9 mm diameter) 
has very different compositions on each rim (Figure 2-13).  The left-hand rim (Figure 
2-13), which is in contact with a grain of biotite, has values of 0.82 XAlm, 0.14 XPrp, 
0.05 XGrs, and 0.014 XSps.  The right-hand rim (Figure 2-13), which is not in contact 
with biotite, has a composition of 0.72 XAlm, 0.11 XPrp, 0.15 XGrs, and 0.10 XSps.  
Three spots on a small garnet grain (0.3 mm x 0.15 mm) were also analysed. Their 
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average is very similar to the right-hand rim, with values of 0.72 XAlm, 0.12 XPrp, 
0.14 XGrs, and 0.10 XSps. 
A single grain of plagioclase was analysed.  It is albite-rich, ranging from 0.7 to 0.10 
XAn, which is low enough to significantly increase the error on the pressure estimate 
(see Appendix 9).   This uncertainty in XAn adds an additional 900 bars error to the 
pressure estimates.  While systematic lines across the plagioclase were not analysed, 
the highest XAn value is from the analysis point closest to the rim of the grain.  Other 
samples, for which systematic plagioclase lines were analysed, showed an increase in 
XAn at the rims of the grain. Therefore, the highest XAn value for this sample is taken 
as the best available estimate for the equilibrium plagioclase composition.  The 
biotite ranges from 0.41 to 0.43 Mg/Mg+Fe, the highest of these being the grain 
nearest the garnet rim & plagioclase used for P/T calculations (Figure 2-13).  The 
GB-GBPQ estimate is 670o C, 15,000 bars (Figure 2-14).  The Thermocalc average 
P/T estimate for the same mineral pairs, with the addition of the nearest muscovite 
analysed, gives an average estimate of ~ 640o C, 12,300 bars (Figure 2-14).  
2.4.2: 160696 
Sample 160696 was obtained from the bed of the Collingwood River, near its 
intersection with Balaclava River (Figure 2-1).  This schist has garnet porphyroblasts 
up to 1 cm diameter.  The muscovite reaches 0.5 mm long and define a weak 
foliation which wraps around the large garnet grains, the quartz is generally 0.2 mm 
diameter, except within alcoves of the large garnet, where individual grains within an 
aggregate reach 0.8 mm.  The rare kyanite, felspar and biotite grains are up to 0.1 
mm in their longest dimension.  This sample has the lowest whole-rock calcium 
content of any of the Collingwood River samples (Appendix 6).  It was so low in 
CaO that the standard correction subtracting CaO in proportion to P2O5 under the 
assumption that all phosphorus was locked up in apatite resulted in a negative CaO.  
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As a result this sample was not used in the Perplex calculations, but is included here 
as it is only Collingwood River sample to contain all of the requisite minerals for 
GBMAQ (Wu and Zhao 2007) calculations.  The compositions of muscovite, biotite, 
and the garnet rim in close proximity to the kyanite point to conditions of 
approximately 700o C, 9,500 bars. 
2.4.3: 160698 
Sample 160698 was collected from the Collingwood River, about 160 metres down 
stream from its intersection with the Balaclava River (Figure 2-1).  It is a fine-
grained schist, containing abundant quartz and plagioclase, with garnet, biotite, 
tourmaline and chlorite.  The rock has a typical SC mylonite texture.  The largest 
mineral present is the plagioclase, with grains up to 3.6 mm long x 1.8 wide.  Some 
of these grains show cracking and undulose extinction (Figure 2-15).  The garnet 
crystals are up to 2 mm diameter, and are partially cracked.  They do not show a 
visible difference in appearance between core and rim. The larger grains of garnet 
are generally altered to chlorite along the edges parallel with the foliation, and 
remain unaltered adjacent to the primarily quartz-filled pressure shadows.  The 
composition of the garnet grains, measured from unaltered to unaltered edge, shows 
a homogeneous core and zoned rim, with XSps > XGrs in the core and reversed in the 
rim.  The composition of the rims is similar to that of the tiniest garnet grains (Figure 
2-16).    The muscovite laths, which define a foliation, are up to 3 mm long, and mica 
fish geometries are common.  The dark reddish-brown biotite laths are up to 0.4 mm 
long, and are parallel with the muscovite foliation.  The tourmaline is up to 0.3 mm 
wide, and has rims that are a paler brown than the biotite, and greenish cores.  The 
chlorite is a greenish grey in aggregate bundles of laths up to 1 mm long, and occurs 
both along garnet edges and within muscovite grains.  Both the biotite and chlorite 
contain pleochroic “haloes” around inclusions, which are interpreted to be monazite.  
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However, this sample was not one of the many selected for monazite analysis, as a 
result the composition of those grains is inferred by comparison with the other 
samples in the area.  The large grains of plagioclase were analysed only in random 
interior spots, not in lines across the grains, so it is unknown if they exhibit zoning as 
do other Collingwood River plagioclase grains.  These random analyses range from 
0.05 to 0.07 XAn, which is lower than recommended for geothermobarometric 
analysis (see Appendix 9) and thus increases the errors associated with the pressure 
estimates obtained.  The set of analyses which are in closest proximity to one another 
and are unaltered (Figure 2-17) yield a GB-GBPQ estimate of ~ 760o C, 17,300 bars 
and a Thermocalc estimate of ~ 770o C, 14,600 bars Figure 2-18.  The Thermocalc 
result is the preferred pressure estimate; the low XAn of the plagioclase increases the 
error on the GB-GBPQ result. 
2.4.4: 160702 
Sample 160702, collected from the Collingwood River bed immediately next to the 
first outcrop of eclogite east of Bill’s Creek (Figure 2-1), has abundant muscovite 
and quartz, plagioclase, lesser garnet, and only a small amount of biotite.  Rutile is 
present as an accessory mineral up to 0.1 mm wide.  This sample does not have a 
pronounced foliation.  There are two differently sized populations of garnet.  The 
larger is generally between 1-2 mm in diameter; the largest found is 2.4 x 1.3 mm.  
The smaller population generally ranges from 0.1-0.2 mm, and are more likely to be 
equidimensional.  The muscovite laths range up to 1.5 mm long, and the plagioclase 
grains are up to 1.5 mm wide.  As with some of the other Collingwood River 
samples, the plagioclase was analysed in random spots, most of which were in the 
0.05-0.07 XAn range, below the recommended XAn content for accurate pressure 
estimates (see Appendix 9). The rare biotite laths are less than 0.3 mm in length, and 
are commonly chloritised.  The set of minerals shown in Figure 2-19 were chosen for 
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P/T calculations. The average composition of the three analysis points on the small 
garnet was chosen as the best representative of the garnet rim composition after 
comparison with the rim measurements from the larger grains.  The estimate from 
GB-GBPQ is ~ 750o C, 16,900 bars, and from Thermocalc ~ 700o C, 13,200 bars 
(Figure 2-20). 
2.4.5: 160708 
Sample 160708 was collected from an outcrop on the Lyell Highway roughly half of 
the distance between Bill’s Creek and the first river eclogite outcrop thereafter 
(Figure 2-1).  It contains primarily quartz, muscovite, plagioclase, with minor garnet 
and biotite as well as rutile, chlorite, and monazite as accessory minerals. The 
plagioclase occurs as subhedral porphyroblasts up to 1.5 mm in length.  The white 
mica laths are up to 2 mm long and 0.3 mm wide and define a foliation.  The biotite 
laths are up to 0.9 mm long and parallel with the foliation.  Most garnet occurs as 
small (~ 0.5 mm) subhedral grains (Figure 2-21), but rare porphyroblasts up to 4 mm 
across were found.  The garnet rim chosen for geothermobarometric calculations is 
the one nearest the matrix grains analysed, and with the lowest (0.010) XSps value.   
Three grains of plagioclase were analysed in this area of the thin section, ranging in 
composition from 0.06 to 0.08 XAn.  As with most Collingwood River plagioclase 
analyses, this is lower than recommended for geothermobarometric calculations (see 
Appendix 9), and pressures thus obtained must be considered a maximum.   Much of 
the biotite has been partially altered.  GB-GBPQ yields an estimate of ~ 700o C, 
18,000 bars using an unaltered biotite analysis in conjunction with nearby other 
grains and Thermocalc yields an estimate of ~ 730o C, 15,200 bars (Figure 2-22). 
The Thermocalc result is preferred as the maximum pressure.  
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2.4.6: 160713 
Sample 160713 was collected from ~ 60 metres downstream from 160711, and 
approximately 90 metres upstream from the next outcrop of eclogite (Figure 2-1).  It 
is a quartz-rich schist (most quartz grains < 0.1 mm). There are occasional flakes of 
muscovite which can reach 1 mm in length.  The garnet reaches a diameter of 1.8 
mm, and the plagioclase is up to 0.6 mm wide.  The biotite laths, which are much 
less common than the muscovite, reach 0.5 mm in length.  This sample has a weak 
foliation.  While systematic lines across the plagioclase were not analysed, one grain 
was analysed in two interior points ~ 0.08 XAn, and one point at the rim edge 0.14 
XAn.  The rim composition is one of the rare examples of Collingwood River 
plagioclase with a high enough XAn component to yield reasonable results via GB-
GBPQ (see Appendix 9).  Five analysis points on three different grains of biotite 
have unaltered compositions and are usable for geothermobarometric calculations.  
One of these grains is not in contact with a garnet, and so was less likely than the 
other two to have suffered diffusion exchange during cooling.  This grain was used in 
conjunction with the nearest (Figure 2-23) muscovite, plagioclase rim (0.14 XAn), 
and garnet rim (0.75 XAlm, 0.18 XPrp, 0.05 XGrs, 0.014 XSps), for GB-GBPQ and 
Thermocalc P/T estimates.  GB-GBPQ yields an average of 680o C, 9,800 bars, and 
Thermocalc yields   880o C, 13,600 bars (Figure 2-24).  Thermocalc is the preferred 
pressure estimate, but 680o C is a more reasonable temperature for this rock. 
2.4.7: 160717 
Sample 160717 (Figure 2-25) was collected from the Collingwood River, just 
downstream from the main eclogite outcrop (Figure 2-1).  This quartz schist also has 
a (?S2) crenulation cleavage.  The garnet grains are up to 1.5 mm in diameter, and 
they have a pronounced visual difference between the cores and the rims (Figure 
2-26). Like many other Collingwood River garnet crystals, the cores are quite 
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homogeneous, and the rims are zoned. However, unlike most others, there is a 
reversal in the zoning direction at the rim edge for some of the end members (Figure 
2-26).  The muscovite laths are up to 1 mm long, and the biotite laths are up to 0.5 
mm long.  The plagioclase is typically fine-grained, but large grains up to 6 mm 
occur (Figure 2-27).  Both biotite grains analysed in this sample were sufficiently 
unaltered as to be useable for geothermobarometric calculations. One of them (b4) 
ranges from 0.39-0.49 Mg/Mg+Fe and is located near (~ 0.3 mm away) a small (0.35 
mm) grain of garnet and large grain of plagioclase (Figure 2-27), the near-by rim of 
which ranges from 0.14-0.15 XAn.  The three points analysed on this small garnet are 
similar in composition to that of the rims of the larger garnet grains, with the interior 
of the small grain having a composition which matches that of the transition point on 
the rims, and the edge matching that at the rims edge of the larger grains (Figure 
2-26).  Due to the slight reversal at the garnet rims, the interior of the small grain of 
garnet was selected as more likely to be representative of conditions approximating 
peak metamorphism, and so this is the analysis selected for use in the 
geothermobarometric calculations.  GB-GBPQ yields an estimate of ~ 700o C, 
14,100 bars and Thermocalc ~ 740o C, 13,100 bars (Figure 2-28) for the small garnet 
interior and the other grains all within 0.3 mm of one another.  This represents the 
best match between the two techniques obtained for the Collingwood River samples.  
2.4.8: Summary of all Collingwood River Metapelite Peak Metamorphism 
Estimates 
The GB-GBPQ results for all of the Collingwood River samples are centred on ~ 
720o C, 17,000 bars for most of the samples (Figure 2-29).  The error ellipses of 
Figure 2-29 were created via Isoplot by setting the error to 25o C and 1000 bars as a 
minimum estimate of error for this technique. 
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The Thermocalc results are centred on ~ 750o C, 14,000 bars (Figure 2-30).  The 
error ellipses of Figure 2-30 were created via Isoplot from the errors reported by 
Thermocalc, which tend to be conservative compared to those suggested for the other 
geothermobarometers.  Despite the larger ellipses on the Thermocalc graph as 
compared to the GB-GBPQ graph, this technique actually yields a more robust 
pressure estimate, and the value of ~ 750o C, 14,000 bars is the preferred estimate for 
the peak metamorphic conditions for the Collingwood River region of the Franklin 
Metamorphic Complex. 
2.5:PT FROM GARNET CORE COMPOSITIONS AND PT PATHS 
As described in the introduction (section 1.3.3.3), the program suite Perple_X was 
used to calculate the conditions for the formation of the garnet cores in the 
Collingwood River samples and to calculate pressure/temperature paths which would 
account for the changes in composition of the garnet from core to rim. The results for 
each sample will be presented first, followed by a summary of the patterns observed 
for all.   
To test for systematic differences between Perple_X predictions and P/T estimates 
via other techniques the predicted mineral assemblages from each of the Perple_X 
runs (including those which were not successful in matching garnet core conditions) 
were entered into GB-GBPQ and the P/T predicted by each plotted against one 
another (Figure 2-31).  The pressures predicted by Perple_X tend to be higher than 
those obtained via GB-GBPQ for the same mineral compositions, and the higher the 
pressure, the greater the difference, with all data > 6,400 showing higher estimates 
for Perple_X than GB-GBPQ (Figure 2-31A).  The temperatures are generally 
estimated slightly higher by GB-GBPQ than Perple_X had predicted for the lower 
temperatures (Figure 2-31). Note that some of the rim results differ by as much as ~ 
1,500 bars lower for GB-GBPQ than for the Perple_X.  However, above ~ 560o C the 
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Perple_X estimated temperatures are higher than the GB-GBPQ estimates for the 
same assemblage for more than half of the data garnet rims (> 6400 bars) , and 
generally lower for that predicted to be in equilibrium with the garnet cores than that 
originally estimated by Perple_X (Figure 2-31B).   
2.5.1: Sample 67662 
2.5.1.1: 67662 SAMPLE DESCRIPTION 
Sample 67662, collected by Kamperman (1984) from the hill above the Lyell 
Highway near where it crosses Bill’s Creek (Figure 2-1), is a coarse-grained schist 
containing quartz, muscovite, plagioclase, and garnet, with a few rare, small (up to 
0.2 mm) grains of biotite.  It is quartz-rich, the fine-grained quartz rarely exceeding 
0.1 mm in diameter.  The plagioclase is up to 0.6 in length.  The muscovite occurs in 
laths up to 3 mm long, but does not have a strong preferred orientation.  It contains 
two populations of garnet; the larger garnet crystals are 2-5 mm in diameter, and the 
smaller, more numerous garnet grains range up to 0.3 mm.  The garnet crystals of 
this sample do not show any sort of change in appearance between core and rim, but 
exhibit a uniformly cracked and inclusion-poor aspect throughout (Figure 2-32).  
2.5.1.2: 67662 COMPOSITION 
The garnet cores are as high as 0.82 XAlm and 0.06 XSps, and as low as 0.09 XPrp and 
0.03 XGrs (Figure 2-32).  The rim composition is zoned, with the composition 
dropping to 0.72 XAlm and 0.003 XSps and rising to 0.10 XGrs and 0.18 XPrp.  The 
increase in Ca and Mg on the rims suggests a path to high P and T.  The smallest 
garnet crystals have compositions the average of which matches the rim composition 
of the large garnet.  The muscovite ranges from 0.17-0.26 Na/Na+K; this is higher in 
Na than the other Collingwood River muscovites analysed, and this composition may 
represent fine intergrowths of paragonite and phengite similar to that reported by 
Shau (1991) (Figure 2-33).     All of the biotite analysed in this sample has been 
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chloritised.  The plagioclase, which exhibits albite twinning, was not analysed; all of 
the other Collingwood River samples have plagioclase with 0.15 XAn or less.   The 
whole rock composition for this sample falls in the middle of the range for 
Collingwood River samples, with low values of TiO2, CaO, P2O5, and MnO, 
moderate values of MgO, K2O, and FeO, and high values of Al2O3 and SiO2 (Figure 
2-11).  However, it does have the second-highest FeO concentration of the 
Collingwood River samples 
2.5.1.3: 67662 GARNET CORE CONDITIONS 
Two different approaches to calculations were attempted for this sample, one using 
the standard correction (section 1.3.2.2) and one using the assumption that all of the 
iron measured in the XRF analysis is present in the form FeO.   Using the standard 
corrections to the whole-rock composition and calculating isochemical sections for 
this sample provides a match to the garnet core compositions at 640o C and 5,900 
bars (Figure 2-34).  At this condition, XGrs is predicted to be 0.002 lower than the 
measured value, XSps and XAlm are both predicted to be 0.006 higher than measured, 
and XPrp 0.014 higher than measured.  At these conditions a rock of this composition 
is predicted to contain approximately 41 wt% quartz, 20 wt% biotite, 18 wt% 
phengite, 10 wt% sillimanite, 9 wt% plagioclase, 1.22 wt% garnet, and 0.96 wt% 
ilmenite.  The present matrix mineralogy is very different from this.  The results 
using all Fe as FeO has a very good intersection with the measured value of all four 
garnet end members within 0.003 of their predicted values at ~ 630o C, 5,500 bars 
(Figure 2-35).  At these conditions the minerals predicted to be present are ~ 41 wt% 
quartz, ~ 22 wt% biotite, ~ 16 wt% phengite, ~ 11 wt% sillimanite, ~ 9 wt% 
plagioclase, and ~ 1 wt% each garnet, and ilmenite.  The list of minerals predicted is 
comparable to that predicted via the standard run, with compositions similar for each, 
but the match for the garnet core composition is better for this run.   
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2.5.1.4: 67662 GARNET RIM CONDITIONS VIA FRACTIONATION PATH CALCULATIONS 
Having two different sets of core calculations, each was used as a starting point for 
garnet fractionation path calculations, first for the standard correction core results, 
with an assumption of water-saturated conditions, where the best match with 
measured rim compositions for this sample was found with a path which decreases ½ 
of a degree for every 100 bar increase in pressure [c(0) = 942.5, c(1) = -0.005].  
Perple_X calculations based upon the bulk rock composition predicted from that 
garnet fractionation path were done, and yielded an estimate of ~ 620o C, 9,100 bars 
(Figure 2-36).  However, at these conditions paragonite is predicted to be present.  
Therefore further paths were attempted from the same starting point but with a fixed-
H2O to seek a set of predicted conditions wherein both the garnet composition and 
the matrix mineralogy were predicted.  Extensive modelling identified a path of 
decreasing temperature by 1.75o C for every 100 bar increase in pressure 
[c(0)=1016.25, c(1)= -0.0175] producing a reasonable match to the garnet rim 
composition at ~ 11,000 bars.  Therefore the effective bulk composition reported for 
that step in the path was used for a new Perple_X calculation, with the addition of 
0.001 MnO, as is standard practice for these Perple_X garnet rim calculations.  This 
results in the isopleths which correspond to the measured garnet rim compositions 
having tight intersection at ~ 560o C, 11,400 bars and a paragonite-free assemblage 
(Figure 2-37).   
A second set of garnet-fractionation path calculations were undertaken using the 
conditions calculated for the garnet core formation if all iron is FeO (~ 630o C, 5,500 
bars) as the starting point for Perple_X.  Several paths were attempted; the one 
providing the best match to the garnet composition of the sample decreases 
temperature by 0.16 degrees for every 100 bar increase in pressure [c(0) = 909.8 c(1) 
= -0.0016].  Accordingly, Perple_X was re-run for this sample using the composition 
predicted to be remaining after garnet fractionation.  While tight intersections (at ~ 
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620o C, 9,000) bars are achieved from this starting point for both water saturated and 
only slightly limited H2O, paragonite is predicted to be present.   However,  limiting 
the starting H2O to the range 3.0-3.55 results in predicted paragonite free 
assemblages with rim compositions achieved at ~ 555o C, 11,000 bars.  The all Fe = 
FeO run selected as having the best results was that with H2O set to 3.25.  For this 
run at ~ 555o C, 11,000 bars (Figure 2-38) the minerals predicted to be present are ~ 
41 wt% phengite, ~ 33 wt% quartz, ~ 9 wt% albite, ~ 7 wt% kyanite, ~ 3 wt% newest 
layer of garnet formed, and ~ 1 wt% rutile.  These results are a much better match for 
the matrix minerals than those predicted via other methods above.   
2.5.2: Sample 67665 
2.5.2.1: 67665 SAMPLE DESCRIPTION 
Sample 67665 is a muscovite-quartz-garnet-plagioclase schist, without matrix biotite, 
from the hill above the Lyell Highway near where it crosses Bill’s Creek (Figure 
2-1).  There are numerous small garnet grains (up to 0.5 in diameter) and a few 
skeletal garnet porphyroblasts (largest found: 9.8 x 4.3 mm).  The porphyroblasts 
appear, in at least one instance, to be composed of more than one smaller grain which 
grew together to form a cluster of garnet grains.  This feature was revealed during 
inclusion studies of the largest grain (see below), which has an inclusion-rich domain 
(~ 1 mm diameter) that has an outline that appears to be a single grain, though it is 
contiguous with other parts of the porphyroblast on two sides.  The muscovite, 
occurring in laths up to 2 mm long, defines a foliation which wraps around the garnet 
porphyroblast.  The plagioclase occurs as rare grains, up to 0.6 mm in length. 
2.5.2.2: 67665 COMPOSITION 
This sample had an initial microprobe session which included a line analysis spots 
across the centre region of the large (9.7 x 4.6) garnet, with a spacing of 9.6 to 1.5 
mm between analysed points (Figure 2-39A, red marked analysis points).  There was 
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an additional session, primarily for inclusion work, which also analysed lines along 
the garnet in the vicinity of the inclusion rich areas (Figure 2-39A, blue marked 
analysis points, and Figure 2-39B).  One of lines from the second session bisects the 
small, inclusion-rich, sub-grain with a spacing of 0.1-0.2 mm, and the other, with a 
spacing of ~ 0.3 mm between spots, runs parallel to the line from the first session, 
but closer to the rim of the garnet cluster (Figure 2-39B).  The composition ranges 
from 0.73 to 0.81 XAlm, 0.13 to 0.19 XPrp, 0.03 to 0.09 XGrs, and 0.003 to 0.020 XSps.  
A comparison of the composition of the three lines (Figure 2-39) reveals that the 
garnet does not exhibit systematic zoning, though it does show some variation in 
composition.  The line across the inclusion-rich sub-grain is, generally, the lowest in 
XAlm and XSps, and highest in XGrs, and is generally higher in XPrp.  This grain has a 
zoning in Ca which may reflect distance from the matrix.   For the cluster as a whole, 
XSps decreases towards the edge, but the pattern is very scattered. 
 The matrix muscovite ranges from 0.07 to 0.16 Na/Na+K, and the muscovite 
inclusions in the garnet ranges from 0.09 to 0.20 Na/Na+K.  The graph of Si vs 
Na/Na+K shows that the inclusions and the matrix muscovite overlap in 
composition, and show a trend with Na/Na+K decreasing as Si increases (Figure 
2-40).  There was no biotite observed within the matrix, but it was present as 
inclusions within the garnet, where it ranged from 0.43 to 0.55 Mg/Fe+Mg.  Three 
out of the four points analysed plot within the siderophyllite field of the Al(IV) vs 
Fe/Fe+Mg diagram (Figure 2-40).  One other grain is comprised of alternating 
light/dark patches in the BSE image, the light patches are chlorite, and the dark patch 
is Al-rich compared to the other micas. The plagioclase, which is present in the 
matrix, but was not observed as inclusions in the garnet, ranges in composition from 
0.95 to 0.97 XAb.  Other inclusions include rutile-ilmenite (Figure 2-40D), and 
monazite. 
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This samples falls in the middle of the range with respect to the Al2O3, SiO2, FeO, 
CaO, MnO portions of the whole-rock composition, but has the second-highest MgO 
content and the lowest Na2O and second lowest TiO2 concentration of any of the 
Collingwood River samples (Figure 2-11). 
2.5.2.3: 67665 GARNET CORE CONDITIONS 
The analysis with the highest XSps value was selected as representative of the garnet 
core; this analysis has the lowest XAlm (0.78) and XSps (0.020), and the highest in XPrp 
(0.15) and XGrs (0.05) of any identified early garnet compositions for the 
Collingwood River samples.  It is also the sample with the best-fit intersections for 
the isopleths which correspond to the garnet core composition, with all four end-
members predicted to be within 0.001 of the measured composition at ~ 620o C, 
8,000 bars (Figure 2-41).  At those conditions, this sample is predicted to have 45 
wt% quartz, 33 wt% phengite, 10 wt% biotite, 4 wt% staurolite, 3 wt% garnet, 2 wt% 
paragonite, and less than 1 wt% each of plagioclase and ilmenite.  The compositions 
of the predicted micas are a reasonable match to those included within garnet.  The 
biotite inclusions range from 0.43-0.55 Mg/Fe+Mg, and the predicted biotite is 0.53 
Mg/Fe+Mg.  The predicted phengite is 0.13 Na/Na+K, and the average of the 
muscovite inclusions is also 0.13.  Plagioclase was not observed included within the 
garnet, and it is predicted to be only a minor component at garnet core-forming 
conditions.  This sample predicted paragonite to be present during garnet core 
conditions, but only as a minor (< 2.5 wt%) component.  Since the quality of the 
intersections for the garnet-core isopleths was excellent no further variations on 
Perple_X calculations were attempted.  
2.5.2.4: 67665 GARNET RIM CONDITIONS VIA FRACTIONATION ATTEMPTS 
Attempts at running garnet-fractionation paths with Perple_X for this sample were 
unsuccessful.  Three attempts each were made for water-saturated and fixed-H2O 
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(using the amount of water predicted to be present at core conditions) paths (one 
near-vertical, one with a positive, and one negative slope).  The rim composition was 
not reproduced along any simple path. 
2.5.3: Sample 67659 
Sample 67659 is fully described above (see section 2.4.1) and illustrated in Figure 
2-12 and Figure 2-13. 
2.5.3.1: 67659 GARNET CORE CONDITIONS 
Perple_X garnet core calculations were run twice for this sample, with the best result 
obtained with a fixed H2O setting.  A P-xH2O diagram revealed that paragonite 
disappears at H2O = 1.37, which value was used for the garnet-core calculations.   
Unlike the water-saturated version, this model allows the predicted XAlm to reach 
values as high as those measured in the garnet core.  The intersections for this model 
(Figure 2-42) have all four end-members compositions within 0.005 of their 
measured values at 520o C and 5,100 bars.   
2.5.3.2: 67659 GARNET RIM CONDITIONS VIA FRACTIONATION PATH CALCULATIONS 
Extensive modelling for garnet fractionation paths gave the best result for a path 
starting with the composition predicted from the above fixed-H2O core calculations 
and decreasing 0.45o C for every 100 bar increase in pressure [c(0) = 815.95, c(1) = -
0.0045].  Using the new bulk composition predicted by this path and continuing to 
limit H2O Perple_X was run again, yielding tight intersections for the garnet end-
members at ~ 500o C, 9,100 bars, with all four end-members predicted to fall within 
0.003 of their measured values (Figure 2-43).  This gives reasonable match for the 
quantity of each mineral present, save for kyanite, which was not observed in this 
sample.  The garnet and plagioclase compositions are modelled quite closely, and the 
micas are well predicted. 
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2.5.4: Sample 160694  
2.5.4.1: 160694 SAMPLE DESCRIPTION 
Sample 160694 comes from just upstream from the intersection of Bill’s Creek and 
the Collingwood River, the location of the largest garnet crystals in the region 
(Figure 2-1).  It is a quartz-muscovite-garnet-tourmaline schist with minor rutile, 
monazite, apatite, and kyanite.  The garnet is subhedral and ranges from small grains 
of 100 microns to large crystals over two centimetres long.  The larger garnet grains 
are patchy and skeletal (Figure 2-44) with large quartz inclusion.  In addition there 
are also small inclusions of apatite, kyanite, rutile, zircon, and muscovite.  The 
included muscovite is generally richer in Na than those in the matrix (Figure 2-45); 
average Na/Na+K for the inclusion muscovite is 0.15, with a range from 0.12 to 0.20, 
while in the matrix the average is 0.12 with a range from 0.07 to 0.16.  While kyanite 
was found as inclusions in the garnet of this sample, it was not observed in the 
matrix.  The matrix muscovite, with elongate grains as large as 3 mm in length, but 
more commonly 0.5 to 1 mm in length, defines a foliation, which curves gently 
around the large grains of garnet.  Some of the muscovite laths have undulatory 
extinction.  The tourmaline is mostly equigranular (generally 0.1 to 0.3 mm 
diameter) as viewed in thin section, with weak alignment of elongate (~ 0.1 x 0.4 
mm) tourmaline crystals with the mica foliation.  The matrix quartz is fine-grained (~ 
0.1 mm) and anhedral, and uniformly distributed among the mica, but the quartz in 
the strain shadow of the large garnet grain is much coarser grained (up to 1.6 mm 
long). 
2.5.4.2: 160694 COMPOSITION  
This sample had several different probe sessions. An initial, low resolution traverse 
(160694-A) across a garnet (11.6 mm across) was followed by a higher resolution 
traverse (160694-C) in a second, larger, garnet (18.6 mm long).  The larger garnet 
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was cut in serial-thin sections, spaced ~ 2 mm apart, and the largest three were 
mapped (Figure 2-44) to determine which had the highest Mn concentration, and 
where within the grain it was located.  Two lines were then analysed across that 
garnet roughly perpendicular to one another, at a spacing of ~ 0.3 mm between spots, 
crossing the region of high Mn (Figure 2-44).  The feldspar is albite, with 0.96-0.97 
Na/(Na+Ca+K).  The white mica ranges from 0.12-0.15 Na/Na+K (Figure 2-45).  
Biotite was not observed in this sample, but tourmaline is common. 
There are noticeable differences (Figure 2-46) between the initial probe session 
(160694-A) and the subsequent session (160694-C). The larger, mapped, grain is 
lower in XSps and XGrs than the core of 160694-A.  The closest match between the 
two garnet grains is in XPrp, where the core of 160694-A is slightly higher than that 
of 160694-C, and finally the XAlm is noticeably higher in for the second session than 
the first.  It is possible that diffusion in the older, larger grains (Gaidies et al. 2008) is 
responsible for these differences.   Alternatively, the locations on sample from which 
the two thin sections were cut could be a factor due to local inhomogeneities in the 
rock composition. 
Both of the large crystals of garnet analysed for sample 160694-A and 160694-C 
have generally homogeneous cores, and gently zoned rims (Figure 2-44, Figure 
2-46).  The greatest component of zoning within the core is exhibited by XSps, which 
ranges from 0.028 to 0.040 for 160694-A, and from 0.11 to 0.29 for 160694-C. XGrs 
ranges from 0.027 to 0.030 for 160694-A, and 0.18 to 0.03 for 160694-C.  XPrp is 
nearly homogeneous ranging from 0.09 to 0.10 for 160694-A, and from 0.08 to 0.11 
for 160694-C, and XAlm for the core shows little variation, ranging from 0.840 to 
0.842 for 160694-A, and from 0.858 to 0.874 for 160694-C.  
The rim, which is up to 1.6 mm wide on the 18 x 10 mm 160694-C grain, shows little 
zoning in Ca and Mn, both of which are very low in the whole rock composition, 
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ranging from 0.005 to 0.011 XSps for 160694-A and from 0.003 to 0.008 XSps for 
160694-C.  The rim ranges from 0.15 to 0.17 XGrs for 160694-A, and 0.020 to 0.027 
XGrs for 160694-C. It has more pronounced zoning in Fe and Mg, ranging from 0.15 
to 0.17 XPrp for 160694-A and 0.09 to 0.15 XPrp for 160694-C and 0.782 to 0.800 
XAlm  for 160694-A and 0.829 to 0.869 XAlm  for 160694-C (Figure 2-46).     
Many workers opt to use the analysis spot with the highest Mn value as the core for 
all calculations wherein one needs a core value for the garnet end members.  
However, this sample has a sufficiently homogeneous core that the average core 
values yield a better representation of composition with which to calculate core 
conditions. 
The inclusions within the large garnet in 160694 include muscovite, apatite, rutile, 
kyanite, and monazite.  The muscovite inclusions in the garnet are found 0.9 mm 
from the edge of the grain (Figure 2-47).  It ranges from 0.12-0.20 Na/Na+K, and is 
generally very similar to the matrix muscovite (Figure 2-45).  However two small 
grains are noticeably higher in Fe and Ca and lower in K than the others.  Rutile 
occurs throughout the garnet.  There are two variations in compositions of rutile with 
one ranging from 0.40-0.75 wt% FeO, the other 0.85-1.50 wt% FeO (Figure 2-48).  
The spatial distribution of the two sorts of rutile does not conform to any 
recognisable pattern. 
2.5.4.3: 160694 GARNET CORE CONDITIONS 
A variety of different options were attempted in Perple_X modelling for sample 
160694 changing the assumptions for the starting amounts of Fe, Ca and H2O, with 
and without the expanded thermodynamic dataset of Van Hinsberg and Schumacher 
(Van Hinsberg and Schumacher 2007), which adds boron and the mineral tourmaline 
to the solution set.  Most of the attempts were unsatisfactory, with no or poor 
intersections for the isopleths corresponding to the measured average core 
 47
composition, and for most calculations attempted almandine was not predicted to 
achieve values as high as those measured in the garnet core.  However, the 
calculations which combined the assumptions of all Fe = FeO, water is unsaturated, 
tourmaline included in the solution set, and 95% of the Ca measured in the whole-
rock composition is available for reactions (i.e. not locked up in apatite) resulted in 
the successful modelling of the almandine end member, and good intersections for all 
four end-members at ~ 545o C, 5,700 bars, with each end member predicted to be 
within 0.002 of its measured value (Figure 2-49).  At these conditions, the minerals 
predicted to be present are ~ 39 wt% quartz, 17 wt% feldspar (in two forms) 14 wt% 
kyanite, 6 wt% phengite, 3 wt% garnet, 2 wt% tourmaline, and ~ 1 wt% ilmenite.  
This is not a close match of the composition of the current matrix.  However, 
changes in conditions between core and rim may account for the differences. 
2.5.4.4: 160694 GARNET RIM CONDITIONS VIA FRACTIONATION PATH ATTEMPTS 
The conditions predicted for the garnet core above were used to calculate the results 
for a variety of possible “paths”, assuming the fractionation of garnet, over which 
temperature and pressure may have changed.  The path which best predicts the rim 
composition is the one which increases temperature by 0.8 degrees for every 100 bar 
increase in pressure [c(0) = 772.4, c(1) = 0.008].  The modified bulk composition 
reported from that path was used for a new Perple_X calculation, with the addition of 
0.001 MnO (which is otherwise predicted to run out before rim conditions are 
attained).  This results in a very good intersection for all four garnet end-members at 
~ 575o C, 8,900 bars, with all four end-members within 0.003 of their measured rim 
values (Figure 2-50).  At these conditions, the sample is predicted to contain ~ 35 
wt% quartz, 20 wt% plagioclase, 15 wt% phengite, 14 wt% kyanite, 13 wt% biotite, 
2 wt% tourmaline, ~ 1 wt% ilmenite, and less than 1 wt% newest layer of garnet 
formed.  However, while kyanite was found as inclusions within the garnet, it was 
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not observed in the matrix, nor was biotite or plagioclase.  Therefore, while a set of 
conditions was found at which the garnet composition can be modelled for this 
sample, the matrix minerals are not correctly predicted. 
2.5.5: Sample 160698 
Sample 160698 (for a complete sample description see section 2.4.3) contains garnet 
that, like most of those from the Collingwood River, has a fairly homogeneous core 
and a zoned rim (Figure 2-16). 
2.5.5.1: 160698 GARNET CORE CONDITIONS 
Perple_X was used to calculate the garnet core conditions for this sample, plotting 
the isopleths for the highest XSps composition measured in the sample.  The core 
composition is reasonably well matched at 600o C, 6,900 bars (Figure 2-51).  
However, the highest possible XAlm predicted is not quite as high as that measured in 
the garnet core. Therefore, the fit might be improved if the calculations were to be 
redone using the assumption that all the Fe in this rock was FeO, as was necessary 
for some of the other samples that did not achieve this level of match on the standard 
corrections attempt.  At these conditions the minerals predicted to be present are 42 
wt% quartz, 25 wt% phengite, 12 wt% biotite, 11 wt% paragonite, 5 wt % 
plagioclase, 4 wt% garnet, 1 wt% ilmenite, and trace staurolite.  While most of these 
are present in the sample, paragonite and staurolite are not. 
2.5.5.2: 160698 GARNET RIM CONDITIONS VIA FRACTIONATION PATH CALCULATIONS 
Extensive Perple_X garnet fractionation modelling gave the best results in terms of 
both predicting the garnet rim composition and reasonably matching the matrix 
minerals in a path which fixed the starting H2O to 3.0 wt%, which gives an estimate 
for rim formation at ~ 580o C, 10,800 bars (Figure 2-52).  
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2.5.6: Sample 160702 
2.5.6.1: 160702 COMPOSITION 
Five different crystals of garnet, in three size ranges, were analysed in sample 
160702 (for sample description see section 2.4.4).  The sizes have been designated 
large (2.1-2.5 mm in length and elongate in shape), medium (1.9-2.0 mm in diameter 
and equidimensional), and small (0.7 mm diameter).  Figure 2-53 displays the 
difference in composition for each type.  The two large grains are located ~ 37 mm 
from the other grains. The smallest garnet grain analysed has the lowest XSps values 
(0.005-0.006) and is otherwise similar to rim compositions on the large grains.  It is 
generally high in XGrs (0.10-0.15), lowest in XAlm (0.72-0.75) and intermediate in 
XPrp (0.13-0.14).  The large grains are nearly homogeneous in XSps, and while they 
contain more Mn than the smallest garnet, they are notably lower (0.08-0.09) in XSps 
than the medium grains (0.01-0.03 XSps).  The large grains contain, generally, more 
XGrs (0.04-0.07) and XPrp (0.11-0.16) than the medium grains (0.02-0.03 XGrs and 
0.10-0.16 XPrp).    The difference in composition between the medium grains and the 
smallest garnet grains, all four of which are in close proximity to one another, is 
consistent with patterns expected due to garnet fractionation, with the small grains 
similar to the rim composition, and the medium grains showing some zoning from 
core to rim.  The large grains, on the other end of the thin section, are generally more 
homogeneous, and have compositions that are intermediate between the medium and 
small grains (Figure 2-53).  
This sample has the highest TiO2 content in whole-rock composition of the 
Collingwood River samples, and it is the second highest in SiO2, CaO, and Na2O.  It 
also has the lowest K2O of the Collingwood River samples analysed (Figure 2-11).   
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2.5.6.2: 160702 GARNET CORE 
The analysis point chosen for the garnet core composition for Perple_X calculations 
was the highest XSps point, from the middle of medium garnet #3 (Figure 2-54).  
Extensive modelling gave the best results by setting the starting H2O = 1.0, which 
results in intersections at ~ 540o C, 6100 bars, with all four end members within 
0.005 of their measured values (Figure 2-55).   At these conditions the minerals 
predicted to be present are 36 wt% quartz, 26 wt% feldspar (two types), 13 wt% 
biotite, 10 wt% phengite, 8 wt% kyanite, 4 wt% garnet, and 1 wt% ilmenite.  Kyanite 
was not observed in this sample, and the matrix currently contains considerably more 
phengite, and noticeably less biotite than those predicted to coexist with the garnet 
core. 
2.5.6.3: 160702 GARNET RIM CONDITIONS VIA FRACTIONATION PATH CALCULATIONS 
The conditions calculated for the garnet core above were used for garnet 
fractionation path calculations. A number of paths were attempted and the one which 
provided the best match for the rim composition (taken as an average of the three 
spots analysed on the smallest garnet grain) was the one which decreases 0.6o C for 
ever 100 bar increase in pressure [c(0) = 848.6, c(1) = -0.006].  The after-garnet 
fractionation bulk rock composition from that path was used for a second Perple_X 
calculation to determine rim conditions.  This resulted in a reasonable intersection for 
the garnet end-members at ~ 515o C, 9,700 bars (Figure 2-56).  At these conditions 
the sample is predicted to contain 32 wt% quartz, 20 wt% phengite, 25 wt% 
plagioclase, and 7 wt% K-feldspar, 8 wt% biotite, 7 wt% kyanite, 1 wt% rutile, and 
less than 1 wt% newest layer of garnet formed.  Neither kyanite nor K-feldspar were 
observed in this sample, but the others are a reasonable match to the proportion of 
minerals present.   
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2.5.7: Sample 160707 
2.5.7.1: 160707 SAMPLE DESCRIPTION 
Sample 160707 was collected from an outcrop on the Lyell Highway, just south of 
where Bills Creek intersects Collingwood River (Figure 2-1).  Its location is less than 
20 metres south-westward along the road from 160706, but whereas the latter is 
mylonitic, this sample is more massive. It contains quartz, white-mica, plagioclase, 
garnet, and minor biotite, rutile and monazite.  The mica exhibits a preferred 
orientation and the rock has a gneissic texture.    The garnet is commonly in small 
grains ranging from 0.5 mm to 2 mm, but there are also garnet porphyroblasts up to 2 
cm in diameter.  While the small garnet grains are mainly euhedral, the large grains 
are skeletal and full of inclusions, particularly of quartz.  The muscovite occurs in 
laths up to 5 mm long, which are usually straight, but occasionally (esp. near the 
large garnet) are bent.  The plagioclase is up to 3 mm across, and the quartz grains 
rarely exceed 2 mm, except where they are inclusions within the garnet.  This sample 
also contains accessory rutile and monazite.  As with many of the other Collingwood 
River samples, most of the biotite analysed has been chloritised.  However, one grain 
was found which was unaltered, with an Mg/Mg+Fe of 0.45.  The plagioclase is 
reasonably uniform in composition at ~ 0.05 XAn.  There is a subtle difference 
between the muscovite analysed in the first thin section as compared to the second.  
The first ranged from 0.14 to 0.18 Na/Na+K, and the second from 0.12 to 0.16 
Na/Na+K.     
2.5.7.2: 160707 COMPOSITION 
Element maps of the largest garnet (9 mm long) found in this sample have been 
produced, and two lines, at nearly right angles, were then analysed at a spacing of ~ 
0.18 mm.  The zoning is off centre, with the highest concentration of Mn mostly 
along one edge forming an elongate core region of reasonably uniform composition 
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(Figure 2-57) with an abrupt transition to the rim, which is also largely 
homogeneous.  Line 1 crosses both the narrow portion of the core and the widest 
extent of the rim, and line 2 transverses the widest extent of the core and the narrow 
rims on either side of it in that region. 
The core is higher in XSps (core average: 0.05, rim average 0.02 XSps) and XAlm (core 
average: 0.81, rim average 0.77 XAlm), and lower in XPrp (core average: 0.11, rim 
average 0.18 XPrp) than the rim.  XGrs is variable in composition across most of the 
grain. It has an average core of 0.025 and rim of 0.034 XGrs if calculated for the same 
points as used for the other end members, but it lacks the abrupt change in 
composition between core or rim that the other three end members display.   
2.5.7.3: 160707 GARNET CORE 
The large garnet described above, for which element compositional maps were 
prepared, is lower in XSps than is the core of a smaller (~ 4 mm) grain which was 
analysed in a single line across the grain. This may be due to the largely 
homogenized nature of these garnet grains, diffusive re-equilibration of the larger 
grains could account for the lower concentration of XSps in the core than is present in 
smaller, potentially younger, grains.     The compositions of both garnet grains were 
used for Perple_X modelling; the best results were obtained from the smaller grain, 
with all four predicted end members intersecting within 0.003 of their measured 
values (Figure 2-58) at 650o C, 6,750 bars.  The minerals predicted to be present 
during these conditions include 39 wt% quartz, 24 wt% phengite, 16 wt% biotite, 8 
wt% plagioclase, 8 wt% staurolite, just under 2 wt% each sillimanite and garnet, and 
less than 1 wt% ilmenite. 
2.5.7.4: 160707 GARNET RIM CONDITIONS VIA FRACTIONATION PATH CALCULATIONS  
Extensive modelling of garnet fractionation paths yielded the best results for the one 
which increases the temperature by 0.1o C for every 100 bar increase in pressure 
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[c(0)=916.25, c(1)=0.001], wherein XAlm, XSps, and XGrs are all predicted to achieve 
their measured rim composition at just over, 10,000 bars and fixing H2O for the final 
calculations to 3.61, which results in a paragonite-free assemblage, with good 
intersections of the garnet end-members at ~ 600o C, 11,800 bars (Figure 2-59).  At 
these conditions, this sample is predicted to contain ~ 42 wt% phengite, 33 wt% 
quartz, ~ 7 wt% biotite, ~ 7 wt% kyanite, ~ 9 wt% plagioclase, ~ 1 wt% newest layer 
of garnet formed, and ~ 1 wt% rutile.    
2.5.8: Sample 160708 
2.5.8.1: 160708 COMPOSITION 
Sample 160708 (for sample description see section 2.4.5) is the one with the highest 
SiO2 and lowest Al2O3, FeO & MgO whole-rock analysis from Collingwood River 
(Figure 2-11).  The garnet has a fairly homogeneous core and a zoned rim (Figure 
2-21).  It reaches a high of 0.11 XSps in the core decreasing to 0.02 at the rim.  XPrp 
is flat at ~ 0.09 across the core, increasing after the core-rim boundary to 0.13, and 
dropping at the very rim to 0.10, XGrs is flat and low (0.01 to 0.05) , save for the 
very rim, which increases to 0.13), and XAlm is relatively constant (0.77 to 0.79, but 
drops to 0.75 at the very rim.  Most of the biotite analysed is chloritised, but one 
grain analysed has an Mg/Mg+Fe of 0.41 (Figure 2-60).  The plagioclase ranges from 
0.91-0.94 XAb, and the muscovite ranges from 0.09-0.12 Na/Na+K (Figure 2-60).   
2.5.8.2: 160708 GARNET CORE 
Perple_X was used to calculate PT conditions for the garnet core composition for 
sample 160708. Reasonable intersections are obtained for 580o C, 5,500 bars (Figure 
2-61), where both XPrp & XSps are predicted to fall within 0.005 of their measured 
values, and XGrs and XAlm are within 0.014 of their measured values.  At those 
conditions, the minerals predicted to be present are: 43 wt% quartz, 23 wt% 
 54
phengite, 14 wt% plagioclase, 12 wt% biotite, 6 wt% paragonite, 1 wt% ilmenite, 
and less than 1 wt% garnet and staurolite.  
2.5.8.3: 160708 GARNET RIM CONDITIONS VIA FRACTIONATION PATH CALCULATIONS 
Extensive Perple_X garnet fractionation modelling obtained the best match to garnet 
rim compositions for the path which increases temperature by 0.7o C for each 100 bar 
increase [c(0)=814.5, c(1)=0.007].  The new bulk composition predicted from that 
path with fixed-H2O conditions yields good intersections ~ 520o C, 9,500 bars 
(Figure 2-62).  The minerals predicted to be present at these conditions is a 
reasonable match for both the matrix minerals and the garnet rim compositions, with 
33 wt% phengite of 0.5 Na/Na+K (measured at 0.9-0.12 Na/Na+K), 32 wt% quartz 
25 wt% plagioclase, 6 wt% biotite of 0.62 Mg/Mg+Fe (measured at 0.41 
Mg/Mg+Fe), 2 % kyanite (not observed in the sample), 2 % rim garnet, and 1% 
rutile. 
2.5.9: Whiteschist 
The Collingwood River whiteschist is from a small outcrop in the southern block, 
located on a bend in the river just east of its intersection with Scarlett Creek (Figure 
2-2).  The outcrop itself is a narrow (<1 m) band which wraps around a hollow which 
may have once contained something with sufficient Mg to provide a source for the 
whiteschist as an alteration zone (Figure 2-1).  The minerals present include talc, 
kyanite, garnet, and quartz.  Two samples were analysed; sample 39140, collected by 
Boulter in 1978, is richer in quartz than 160730, collected from the same outcrop for 
this study (Figure 2-63).  The garnet crystals are up to 4 mm wide and have two 
different habits/compositions. Type A exhibits only moderate cracking, shows little 
to no visible difference between core and rim, few inclusions, and tends to have very 
distinct compositional difference from core to rim (Figure 2-64). Type B shows very 
distinct visual difference between the cores, which tend to be very cracked and have 
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a lower relief and abundant inclusions, and the rims, which are higher in relief, have 
few inclusions and less extensive cracking (Figure 2-65).  While type A has an 
appearance which is unchanged from core to rim, its composition from core to rim is 
quite different; Type B, which has rims which look very different from the cores 
shows little compositional change across that core-rim boundary (Figure 2-66).  The 
cores of type A are richer in XGrs (~ 0.25) than XPrp (~ 0.15) and the rims are very 
low in XGrs (near detection limits) and high in XPrp (~ 0.45).  XAlm shows little change 
from core to rim, remaining ~ 0.60 throughout, and XSps is low, reaching 0.05 in the 
cores and decreasing on the rims.  Type B, on the other hand tends to have a uniform 
composition throughout that is similar to the rims of Type A, with ~ 0.60 XAlm, ~ 
0.40 XPrp, up to 0.10 XGrs and 0.02 XSps.  Both types occur in both samples, though 
the extent of the interior cracking and the visual contrast with the rims of Type B is 
much more pronounced in 39140 (Figure 2-65). 
The Perple_X results for 160730 show the garnet core isopleths intersecting within 
0.005 for XSps and XGrs, 0.007 for XPrp and 0.014 for XAlm of their measured values at 
545o C, 19,600 bars (Figure 2-67).  However, that puts it in the field 45o C below 
stability of kyanite (Figure 2-67G) and 50o C below the stability field of talc (Figure 
2-67H) at this pressure (kyanite is not predicted at this temperature; talc is only 
predicted to be stable at this temperature at higher P). Attempts at using the Perple_X 
path modelling to find a path predicting the rim composition for all four isopleths 
were unsuccessful. This is due to the low availability of Ca in the bulk rock 
composition.  The Type A garnet grains from both whiteschists have cores which 
have up to 0.29 XGrs, while the rims, and the centres of other grains have less than 
detection limits of XGrs.  There is a very abrupt change in the garnet composition of 
the Type A garnet from cores to rims, with the biggest difference being the abrupt 
drop of XGrs. All of the paths modelled predict that Ca will run out during the course 
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of garnet fractionation, with a corresponding abrupt drop in XGrs.   Likewise XSps also 
is predicted to run out over the course of garnet fractionation.   While it was not 
possible to find a garnet fractionation model which predicts a unique pressure and 
temperature for all four end members to achieve the values as measured in the garnet 
rims for this sample, it is clear from the mineral stability fields that temperature has 
increased during the garnet growth, which then permitted the growth of kyanite and 
talc. 
2.5.10: Summary of all Collingwood River Samples Perple_X results for garnet 
core 
The above pressure/temperature estimates were obtained by graphing the isopleths 
which correspond to the measured garnet core values and inspecting the graph for the 
point at which they are nearest to intersecting.  Since it is rare for the four end 
members to actually intersect at a single point in P/T space, the “best fit” intersection 
of the garnet core isopleths was evaluated by using the Werami program of the 
Perple_X suite to calculate the compositions of the garnet end members for a variety 
of pressure/temperature combinations in the vicinity of the region of intersection and 
selecting as the “best fit” the one with the smallest sum of the absolute value of the 
differences between the predicted composition and the composition measured for the 
sample.    For those samples wherein the sum of the absolute value of the differences 
was less than 0.10 the pressure/temperature was reported. For those samples for 
which using the “standard” corrections (see section 1.3.2.2) failed to yield such a 
result additional runs were made changing one or more of the following variables:  
limiting the amount of H2O available to the system, increasing the FeO content to 
have all of the iron reported for the whole-rock composition in the form of FeO, 
changing the amount of Ca assumed to be unavailable for reactions by being locked 
up in apatite, and/or the addition of boron/tourmaline to the solution set.   
 57
Each of the above changes to the standard corrections has a result on the T/P 
predicted, as well as the “tightness” of the resultant intersections.  Limiting the H2O 
results in a decrease in temperature and pressure at which the best match for garnet 
core compositions is obtained while improving the “best fit” of the intersection 
(Figure 2-68A).   Likewise, increasing the amount of FeO available to the system 
also improves the fit whilst decreasing the pressure and, usually, the temperature 
(Figure 2-68B).  Note that the “error” ellipses in Figure 2-68 were obtained by first 
taking the sum of the absolute value of the differences between each garnet end-
members’ measured value and Perple_X predicted values at the intersection T/P and 
then multiplying it by a constant (n) large enough to plot the ellipses in a scale 
appropriate to the graph (n = 100 for temperature and 1500 for pressure).  This 
results in ellipses which are roughly circular and are proportional to the “tightness” 
of the isopleth intersections. 
It is difficult to place an error on the P/T estimates obtained via Perple_X garnet core 
isopleth thermobarometery. Since these samples all come from the same location it 
may be considered that the population variance can be used to estimate the error.    
Therefore the standard deviation was determined using all of Perple_X P/T of garnet 
core estimates and the mean plotted (Figure 2-69) via Isoplot with the standard 
deviation inserted as the error and a correlation coefficient chosen to rotate the 
ellipse to match the spread of the data (note that the correlation coefficient chosen, 
0.7, is approximately the same as that which was assigned by Thermocalc for errors 
associated with the peak metamorphic conditions above). 
The conditions of garnet core formation for the Collingwood River samples as 
calculated by Perple_X ranges in temperature from 520-650o C, with an average of 
580o C and ranges in pressure from 5,100-8,000 bars with an average of 6,000 bars 
for the eight samples (Figure 2-69).  The significance of the cores of the garnet 
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requires consideration. Most of the cores are nearly homogeneous, at least with 
respect to XAlm, XPrp, and XGrs. For low amphibolite grade rocks, garnet usually 
retains the complete growth profile while for upper amphibolite zone garnet the cores 
are commonly homogenised and only the cooling path is recorded in the rims (Spear 
1993). The level of homogenisation of the cores in the garnet from the Collingwood 
River is similar in habit and intensity to that reported by Faryad and Chakraborty 
(2005) (see also comparison of garnet profiles in Chapter 6, Figure 6-4). They 
calculate that T > 540o C is sufficient to permit diffusion on these scales.  This 
temperature is compatible with these P/T estimates, but noticeably lower than that 
reported by Tracy (1982).  If the assumptions used in Tracy (1982) are closer to 
correct, then the temperature quoted here is not high enough to homogenise garnet 
cores in a realistic time, and the key temperature for the core should be closer to 650o 
C to explain the level of homogenisation seen.  
This would be even more significant if the Collingwood River garnet were not 
largely homogeneous in their cores as a steep zoning profile would mean that a 
garnet with its core positioned off the surface of the thin section would give a 
pressure which is higher than could have been obtained if the plane of the thin 
section aligned with its core/highest XSps value.  However, these samples have cores 
that are homogeneous with respect to XAlm and XPrp, and largely homogeneous with 
respect to XGrs and XSps.  Therefore the values chosen to represent the garnet core for 
each sample are likely to be similar to the highest value of XSps obtainable for any 
slice through the central region of that garnet (see Figure 2-44, Figure 2-57 for garnet 
compositional maps showing the uniformity of Mn distribution across the core).  The 
correlation between pressure and XSps, however, is only present for those samples 
which were calculated using standard corrections and water-saturated assumptions.  
Limiting H2O or assuming very reduced conditions (FeO/(FeO+Fe2O3)=1) causes the 
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pressures estimated to be nearly uniform for each sample, regardless of the value of 
XSps measured in the garnet core (Figure 2-70).   
The conditions of garnet rim formation for the Collingwood River samples as 
calculated by Perple_X ranges in temperature from 494-605o C, with an average of ~ 
550o C and ranges in pressure from 8,900-11,800 bars with an average of ~ 10,100 
bars with for the eight samples (Figure 2-71).  This represents an increase in pressure 
of ~ 4,000 bars with garnet growth from core to rim (Figure 2-72).  For most 
samples, this method shows is a slight decrease in temperature (16 to 70o C cooler) 
with garnet growth from core to rim. Only sample 160694 displays an increase in 
temperature (~ 30o C) with garnet growth.  This is also the only sample to make use 
of the expanded solution set of Van Hinsberg and Schumacher (2007) which includes 
boron and the mineral tourmaline.   Unlike with the core calculations, spessartine is 
not a major factor in these pressure estimates, both because the values measured for 
XSps for the garnet rims is low enough as to be approaching the detection limits of the 
microprobe, and because for each of these samples the garnet fractionation path 
calculations predicted that MnO would run out after only a few fractionation steps 
and the paths were continued in an MnO-free system.  Some small fraction of MnO 
was available for the real system; this could be due to a very resistant Mn phase not 
included in the model or indicate that the early formed garnet was not completely 
closed to MnO. 
 The results obtained via Thermocalc and GB-GBPQ indicate that the temperature 
and pressure for rim formation is ~ 700o C, or ~ 150 degrees higher than that 
predicted by Perple_X.  The pressure estimate for the rim condition is 3,000-5,000 
bars higher than the Perple_X result. These differences must reflect problems with 
the assumptions used and it is assumed here that the direct measurement of rim and 
matrix is more reliable. It is likely that the assumption that garnet is completely 
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preserved during growth is not accurate.  Both techniques indicate that a substantial 
increase in pressure was required to move the mineral assemblages from that in 
equilibrium with the garnet core to that in equilibrium with the garnet rims.  This 
increase was nearly isothermal.    The garnet zoning profiles for this region record 
evidence of prograde growth with little to no diffusional modification or retrograde 
rim reactions. There is no evidence for resorption of garnet, such as high Mn rims.  
The garnet-biotite geothermometer preserves high temperatures and has not been 
noticeably reset during exhumation.  In order to preserve the zoning of the rims it 
requires that while there was sufficient time elapsed for the garnet core growth and 
subsequent partial homogenisation by diffusion, the rims would have grown very 
quickly under rapidly changing pressure conditions, followed by an equally rapid 
return to surface temperatures such that there was very little in the way of retrograde 
re-equilibration between biotite and garnet.   
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The Cambrian Metamorphic History of Tasmania
Chapter 3
Southwest Coast
CHAPTER 3: SOUTHWEST COAST 
Eleven different samples from the southwest coast of Tasmania, from Nye Bay to 
Wreck Bay were selected for detailed analysis for this project.  Five of these had the 
correct mineral assemblage present in unaltered conditions to permit classical 
geothermobarometric modelling, four had suffered sufficient late stage alteration as 
to be unsuitable for such calculations, and two were analysed only for dating 
purposes (see Chapter five).   
3.1:GEOTHERMOBAROMETRY 
Classic geothermobarometric calculations to determine the conditions of formation 
for the matrix/garnet rim assemblage has been applied to three of samples from Nye 
Bay, and one from Mulcahy Bay (Figure 3-1).  The techniques used are GB-GBPQ 
(Wu et al. 2004), GBMAQ (Wu and Zhao 2007), GASP (Holdaway 2001), and 
Thermocalc (Powell et al. 1998).  For further details on these methods, see the 
introduction (section 1.3.3.2).   
3.1.1: 68318 
Sample 68318, collected (McNeill 1985) from the north side of Nye Bay (Figure 
3-1), is a biotite-rich schist which contains garnet porphyroblasts up to 18 mm wide.  
Unlike the Collingwood River garnet porphyroblasts, these have well developed 
crystal faces with inclusions as a minor component of the grains, completely 
surrounded by garnet rather than being two (or more) minerals inter-grown into a 
composite crystal.  There is a distinct visual difference between the dusty-inclusion 
rich rim, and the inclusion-poor core, with a very sharp core-rim boundary (Figure 
3-2).  The biotite grains are up to 1.4 mm long, and define a pronounced foliation, 
which wraps around the large garnet crystals and their accompanying quartz-rich 
pressure shadows.  The plagioclase is fine grained (0.2 mm) and does not display 
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albite twinning in crossed-polarized light. Monazite is present as an accessory 
mineral   Muscovite was not observed in this sample.  
The garnet of sample 68318, as mentioned above, has visually distinct core and rim 
regions (Figure 3-2).  The core is largely homogeneous with respect to pyrope and 
grossular (~ 0.07 or 0.08 XPrp and ~ 0.02 or 0.03 XGrs), but zoned with respect to 
spessartine, with the highest XSps (0.56) occurring near the centre of the grain, and 
decreasing to a low of 0.2 XSps just before the core-rim boundary on both sides of the 
crystal.  There is a subtle zoning of almandine in the core, with the values ranging 
from a low of 0.85 XAlm in the centre of the grain, and rising to 0.88 just before the 
core-rim boundary on each side of the crystal.  Crossing the core-rim boundary into 
the inclusion-rich rim zone there is a marked compositional change, with grossular 
increasing abruptly to 0.11, and the other end members decreasing to 0.83 XAlm, 0.04 
XPrp, and 0.01 XSps.  The rim zoning can be divided into two regions with a 
“transition point” between them occurring at approximately half way between the 
core-rim boundary and the outer most rim of the garnet.  There is no visual 
difference between in the garnet on either side of that transition point.  The 
composition of almandine in the rim first increases, to a high of 0.91 at the transition 
point, then decreases to a low of 0.85 XAlm at the outer edge of the crystal.  Pyrope 
increases continuously across the rim to a high of 0.13 XPrp, with a slight change in 
slope at the transition point (steeper on the outermost portion). Grossular decreases 
steeply and steadily to the transition point, where its composition is once again as 
low as it was in the garnet core. From that point its composition holds generally 
steady, with only slight variation up or down, finally dropping to a low of 0.01 at the 
edge of the grain.  Spessartine, having dropped abruptly after crossing the core-rim 
boundary, continues to decrease, at a slower rate, until the transition point (where it 
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is almost non-existent as a component) and then shows a slight increase, rising to a 
high of 0.008 at the edge of the crystal (Figure 3-2).   
The biotite of sample 68318 ranges in composition from 0.36 to 0.40 Mg/(Mg+Fe) 
and plots within the siderophyllite field of the Al(IV)-Fe/(Fe+Mg) diagram (Figure 
3-3). The plagioclase ranges from 0.06 to 0.11 XAn.  The higher XAn may be 
associated with the rim of the plagioclase, as it is in sample 68319 below.  However, 
no systematic lines across plagioclase grains were analysed for this sample to 
confirm this possibility.  If the plagioclase with the higher XAn is taken as the rim 
composition which would have been in equilibrium with the garnet rim and matrix 
biotite (Figure 3-4) then the GB-GBPQ estimate is ~ 660o C, 4,100 bars (Figure 3-5).  
If it had been the lower XAn plagioclase in the same grain which is in equilibrium 
with the other minerals the pressure estimate increases by just over 1,000 bars. 
However, at this low XAn large positive errors in the pressure estimate are expected 
(see Appendix 9).  Unfortunately, Thermocalc was unable to find sufficient reactions 
available for mineral compositions analysed for this sample to calculate an average 
pressure/temperature.   
3.1.2: 68319 
Sample 68319 was collected from the same location as samples 68318 and 68320 
(McNeill 1985), on the north side of Nye Bay (Figure 3-1).  It is a quartz-garnet-
biotite schist.  This sample contains abundant biotite, up to 1 mm in length, and rare 
muscovite, up to 0.2 mm in length, generally inter-grown with the smaller biotite 
flakes.  The plagioclase is up to 6.3 mm long, but is more typically 1 to 2 mm.  It 
contains monazite, the largest grain of which is long enough (0.3 mm) to easily see in 
thin section, and the biotite regularly displays pleochroic haloes around the monazite.  
The rare kyanite in this sample consists of small, straight grains up to 0.3 mm long.  
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The garnet porphyroblasts display two very different aspects in thin section (Figure 
3-6).  Garnet A is elongate, measuring 11.8 x 7.7 mm, with few inclusions, most of 
which are quite small (< 80 μm).  Garnet B is much rounder, measuring 5.3 x 4.7 
mm.  It has abundant large quartz inclusions (100-200 μm) scattered randomly within 
the core.  Both show a visible core-rim boundary marked by a concentration of 
quartz inclusions on the rim side of the core-rim boundary, and both lack a rim on 
one edge of the crystal.  The core of garnet B is euhedral, while outer rim is 
somewhat rounded.  The compositions of these two porphyroblasts are quite distinct 
(Figure 3-6).  Garnet A is zoned, particularly with respect to spessartine, which 
reaches a high of 0.071 XSps at the core, and falls to 0.014 before rising again to 
0.041 at the core-rim boundary, and then falling again to 0.019.  It is very low in 
pyrope, which, at the core, is lower than the spessartine at 0.06 XPrp.  It then rises 
gradually to 0.09 just before the core-rim boundary and then jumps abruptly to a high 
of 0.13 beyond the core-rim boundary.  Grossular is also lower than spessartine in 
the core, but it is fairly homogeneous, approximately 0.06 across the core and then 
rising up to a high of 0.07 just after the core-rim boundary, and then dropping to 0.04 
at the rim edge.  Almandine is also zoned, with a low of 0.81 in the core, rising to a 
high of 0.85 before the core-rim boundary, and then dropping abruptly to a low of 
0.79 XAlm before rising up to 0.81 XAlm at the rim edge.   
Garnet B, on the other hand, shows a very different profile (Figure 3-6).  It is very 
low and largely homogeneous in spessartine, holding between 0.007 and 0.011 XSps.   
It shows only subtle zoning for the other three end members in the core, with 
grossular showing the greatest tendency for zoning, as it generally increases from a 
central region of (usually between 0.013-0.021) to a high of 0.033 just before the 
core-rim boundary (which is very pronounced visually), and then drops abruptly to a 
low of 0.013 just outside the core rim boundary, and showing little variation from 
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there to the rim edge.  Almandine shows oscillations across the core, with a slight 
tendency to decrease from core towards the core-rim boundary, but generally staying 
within 0.82-0.83 XAlm.  Just after the core-rim boundary it jumps to a high of 0.84 
XAlm, drops back to a low of 0.83, and then increases again to a high at the rim edge 
to 0.86 XAlm.  Pyrope is generally constant at 0.14-0.15 XPrp across the grain, with a 
slight dip just before and just after the core-rim boundary, and a definite drop to 0.12 
at the rim edge.  Comparing the two side-by-side (Figure 3-6) shows that garnet B 
composition is lower in grossular than even the rim (lowest) portion of garnet A, and 
it is higher in pyrope than even the rim (highest) portion of garnet A.  It is also lower 
in spessartine than the lowest point in garnet A.  Only in almandine do the two 
porphyroblasts overlap their compositional range, with the range of garnet A 
reaching lower (0.79 XAlm) than the lowest XAlm in garnet B, and B reaching higher 
(0.86 XAlm) than the highest XAlm in A.  A small (1.3 x 0.6 mm) garnet also analysed 
has average compositions of 0.84 XAlm, 0.13 XPrp, 0.017 XGrs, and 0.011 XSps, which 
is similar to garnet B in composition.  It is possible that type B represents a slice 
through a portion of grain which is elongate and zoned like garnet A, but is cut far 
enough from the core of the grain as to miss most of the zoning.  However, as 
mentioned above, there is not a single point in the zoning in garnet A which exactly 
corresponds to the composition of garnet B. 
The garnet rim chosen for geothermobarometric work is from a much smaller grain 
(1.3 mm long), which is in close proximity to the analysed matrix minerals (Figure 
3-7). This grain shows a composition which is lower in pyrope than the rim of Garnet 
A or the “core” of garnet B, intermediate in almandine as compared to A or B, and 
similar in spessartine and grossular to garnet B (Figure 3-6). 
The plagioclase, which ranges from 0.05 to 0.11 XAn, shows only subtle zoning in the 
core, but it displays an increase in XAn at grain boundaries (Figure 3-8).  The biotite 
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ranges from 0.36-0.48 Mg/(Mg+Fe), and the muscovite ranges from 0.2-0.3 
Na/(Na+K) (Figure 3-9). 
The inclusions analysed within garnet in this sample are quartz (by far the largest and 
most common of them) monazite, biotite (~ 0.47 Mg/(Mg+Fe)), muscovite (0.02 
Na/(Na+K)), chlorite (~ 0.34 Mg/(Mg+Fe)), Mn-rich chlorite (~ 0.22 Mg/(Mg+Fe)), 
ilmenite, and zircon(?) (Figure 3-9).  Unfortunately, the garnet immediately adjacent 
to the inclusions was not analysed, so geothermobarometric calculations including 
the inclusion compositions was not undertaken. 
Since it is necessary to choose sets of minerals which display equilibrium textures for 
classical geothermobarometry, it was not possible to use the rim compositions of 
either garnet porphyroblast, for no biotite or plagioclase was analysed in proximity to 
the rims.  However, the small garnet analysed is in close proximity (0.3 mm) to a 
biotite grain and a plagioclase porphyroblast (plagioclase 2 of Figure 3-8).  Using the 
rim composition of both the small garnet and the plagioclase porphyroblast with the 
biotite yields estimates of (Figure 3-10) ~ 630o C, 5,800 bars for GB-GBPQ, GASP 
gives an estimate of ~ 6,200 bars, and GBMAQ results for the same small garnet and 
biotite, plus muscovite inter-grown with the biotite gives an estimate of ~ 640o 6,900 
bars.  The Thermocalc average pressure temperature estimate for these grains is ~ 
700o C, 8,100 bars. As shown in Figure 3-10, these values all overlap within error; 
the change in pressure from one technique to another is dependent upon the 
temperature estimate—note that the highest pressures are obtained for techniques 
which yield higher temperature estimates.  Changes to the temperature estimates 
would result in changes to the pressure estimates; running Thermocalc average 
pressure calculations gives pressures of 7,100 to 7,700 bars for the range 550 to 650o 
C, which, while still higher than the P estimate from other techniques, is more in 
keeping with them.  Likewise, using the higher T obtained via Thermocalc in GB-
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GBPQ would yield a higher pressure estimate for that technique of 6,300 bars.  
Using the numbers as reported for each of the four techniques results in a weighted 
mean average temperature of 640 ± 17o C with a MSWD of 0.94 for the three 
temperature estimates.  The low MSWD confirms the visual estimate that the 
temperatures are all approximately the same, within error.  The weighted mean 
average pressure for this sample is 6,500 ± 1,400 bars with a MSWD of 3.0 for the 
four pressure estimates.  The higher MSWD for the pressure highlights the difference 
between the Thermocalc result and the other three (without the Thermocalc results 
the weighted mean average is 6,300 ± 1,500 bars with a MSWD of 1.7 for the 
remaining three pressure estimates.   
3.1.3: 68320 
Sample 68320, like 68318 & 68319 was collected (McNeill 1985) from the north 
side of Nye Bay (Figure 3-1).  It is a quartz-biotite schist, with garnet porphyroblasts 
up to 6 mm long.  The garnet contains abundant quartz inclusions, which are larger 
and more numerous in the rims, resulting in a very distinct visual contrast between 
the cores and rims of the garnet (Figure 3-11).  The biotite, in laths up to 1 mm long, 
defines a foliation, which wraps around the garnet.  It contains monazite inclusions 
which cause pleochroic haloes in the biotite.  There are plagioclase grains up to 1 
mm wide.  Neither muscovite nor kyanite were observed in this sample. 
The garnet analysed in this sample, while displaying very clear visual differences 
between the core and rim, shows only subtle compositional zoning (Figure 3-11), 
with the core ranging between 0.018-0.013 XSps, 0.025-0.016 XGrs, 0.14-0.15 XPrp, 
and 0.80-8.82 XAlm, and the rim ranging from 0.008-0.011 XSps, 0.13-0.24 XGrs, 0.13-
0.14 XPrp, and 0.83-0.85 XAlm.  Of the end members, grossular and spessartine are 
nearly uniform in value.  Almandine and pyrope display more of a pattern, with 
pyrope generally dropping from the centre of the core to the core-rim boundary, 
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increasing slightly in the early-formed rim, then dropping to the outer rim, and 
almandine increasing from core to rim, but with a change in slope at the core-rim 
boundary (Figure 3-11).  The biotite ranges from 0.37 to 0.40 Mg/(Mg+Fe) and plots 
in the siderophyllite field of the Al(IV)-Fe/(Fe+Mg) diagram (Figure 3-12).  The 
plagioclase ranges from 0.09 to 0.12 XAn.  As with 68318, lines across the 
plagioclase were not analysed to check for zoning.  However, it is likely that this 
plagioclase conforms to the pattern displayed by neighbouring sample 68319, with 
XAn increasing at the rims of the grains.  If this is the case, using the higher XAn 
compositions in conjunction with the nearby (0.7 mm) biotite, and the closest garnet 
rim analysed (2.3 mm past the biotite—Figure 3-13) gives a GB-GBPQ estimate of ~ 
640o C, 4,700 bars (Figure 3-14).  However, if one of the other plagioclase analyses 
represents the composition which was in equilibrium with the garnet rim and matrix 
biotite the calculated GB-GBPQ pressure is higher than that reported above, with a 
maximum result of 6,200 bars (for 0.09 XAn).    
3.1.4: 68335 
Sample 68335, from the coast on north side of Nye Bay (Figure 3-1) contains quartz, 
garnet up to 5.7 mm wide, kyanite up to 1.5 mm long, biotite flakes up to 0.3 mm 
wide, and muscovite which is normally very fine-grained, but flakes up to 0.2 mm 
long can be found.  Unlike many of the other Tasmanian samples, the biotite is 
unaltered, ranging in composition from 0.30 to 0.36 Mg/Mg/Fe and plotting well in 
the siderophyllite field of the Fe/(Fe+Mg) vs. Al(VI) diagram (Figure 3-15).  The 
single grain of muscovite analysed is 0.03 Na/(Na+K).  The garnet appears to have 
fairly homogeneous core with a narrow rim.  It is higher in XSps (0.019) and XAlm 
(0.76) at the rim than in the core (lows of 0.006 XSps and 0.64 XAlm) and lower in the 
rim in XGrs (0.11) and XPrp (0.11) than in the core (highs of 0.23 XPrp and 0.13 XGrs) 
(Figure 3-16).  Using the garnet rim and biotite grain nearest the analysed muscovite 
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gives a GBMAQ estimate of ~ 700o C, 6,100 bars (Figure 3-17).  The other grain of 
biotite has a larger range of composition, which, if used for GBMAQ calculations, 
results in the average for all possible combination of muscovite-biotite-garnet 
shifting only one degree and 200 bars higher than considering only the nearer grain.  
The Thermocalc average pressure temperature estimate using the nearer biotite grain 
is ~ 700o C, 7,000 bars.    
3.1.5: 143072 
Sample 143072 was collected by Meffre in 2000 from the point 2 km south of 
Mulcahy Bay (Figure 3-1).  It is a quartz rich schist (Figure 3-18), with poikiloblastic 
garnet porphyroblasts up to 7.4 mm in diameter, the inclusions of which are 
primarily quartz.  The outermost rim of the garnet is, relatively, inclusion-free.  The 
matrix foliation is formed both by the alignment of mica, and by elongate quartz 
aggregates.  Muscovite occurs in sheets up to 1.4 x 3 mm, and biotite grains are up to 
0.06 x 0.8 mm.  Rare grains of calcite up to 1.1 mm long are present.  Monazite is 
also present. 
The garnet is zoned, with a change in compositional trends at the core-rim boundary, 
and a minor reversal at the very rim (Figure 3-18).  Spessartine reaches a high of 
0.15 in the core, and decreases slowly through the core to 0.12 XSps, then drops more 
steeply to a low of 0.008 at the rim.  Unlike some of the other components, 
spessartine does not increase at the outer rim.  Grossular has a high of 0.11 in the 
core and generally decreases to 0.08 at the core-rim boundary, then increases 
abruptly to 0.14 XGrs before decreasing to a low of 0.02 and then increasing again to 
0.05 at the outer rim.  Pyrope is about 0.08 through much of the core, but drops (on 
the left side of the grain) to a low of 0.05 XPrp just after the core-rim boundary, and 
then increases to 0.22 XPrp at the outer rim. Almandine is at a low of 0.66 in the core, 
and increases to 0.70 XAlm at the core-rim boundary, then rises to a high of 0.76 XAlm 
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before dropping to 0.73 at the rim edge.  Most of the biotite analysed was too 
chloritised to use for thermobarometric calculations, but two acceptable analyses, 
which plot in the siderophyllite field of the Al(IV)-Fe/(Fe+Mg) diagram and has a 
Mg/(Mg+Fe) of ~ 0.41 (Figure 3-19).  The muscovite ranges from 0.8-0.10 
Na/(Na+K) (Figure 3-19).  This sample also contains rare small (1 x 0.5 mm) calcite 
grain(s).  Using either of the unaltered biotite analyses with their nearest garnet rim 
analysis in conjunction with any of the muscovite analysed in this sample results in a 
GBMAQ estimate of 820o C, 12,300 bars (Figure 3-20).  The results obtained via 
Thermocalc average pressure/temperature estimates for the garnet rim/matrix 
formation conditions is 880o C, 12,200 bars.  This temperature is unrealistically high, 
as that is above the quartz-muscovite breakdown reaction.  The XPrp of the garnet rim 
is higher than typical for the region.  One possibility is that as the garnet grew the 
biotite reservoir was depleted and the equilibrium biotite was pushed to very Mg-rich 
compositions, followed by reactions bringing the biotite back to the present 
composition later. Some of the grains of garnet display evidence of breakdown and 
alteration to chlorite. That garnet breakdown could be responsible for the growth of a 
relatively Fe-rich biotite that is not in equilibrium with the garnet rim analysed.      
3.1.6: Summary of southwest coast classic geothermobarometric results 
There is very good agreement in the results for the four samples from Nye Bay, with 
the results for each overlapping some of the other samples at roughly 650o C, 6000 
bars (Figure 3-21).  The only southwest coast sample for which it was possible to use 
all four classic geothermobarometric techniques applied in this study is 68319 from 
Nye Bay (Figure 3-1).  For this sample the various techniques yielded results which 
are essentially the same within error.  However, there was a difference in specific 
pressures and temperatures reported for each technique such that Thermocalc gives 
slightly higher P/T than does GBMAQ, which gives slightly higher P than does 
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GASP, which is slightly higher than GB-GBPQ.  If this pattern would have held true 
for the other southwest coast samples (had they contained the requisite minerals 
present/analysed to apply more than one geothermobarometer), the agreement 
between the four Nye Bay samples would be even more evident, as the two lowest 
P/T estimates were obtained via GB-GBPQ; if they had not been lacking in 
muscovite the other techniques may well have resulted in higher-P estimates for 
these two, which would have closed the gap between the highest and lowest Nye Bay 
pressure estimates.  The preferred PT conditions for the rims of garnet in the Nye 
Bay rocks is 640o C, 6,000 bars. 
A single sample (143072) from south of Mulcahy Bay (Figure 3-1) had the requisite 
minerals to undertake geothermobarometric calculations but resulted in an 
unreasonable temperature estimate, as discussed above.  However, using a T of 640o 
C (the T from Nye Bay) in the GBMAQ calculations the pressure estimate for this 
sample is lowered to ~ 8,200 bars, which is still higher than the Nye Bay results.  
While it is possible that the higher grade conditions implied by these calculations 
arise solely from complications arising from the compositions of the minerals in this 
sample, the collection area is from a separate fault block to the Nye Bay samples and 
this leaves open the possibility that this sample had a different metamorphic history. 
3.2:WHOLE ROCK COMPOSITION 
In preparation for Perple_X modelling XRF whole-rock analyses were obtained for a 
number of southwest coast samples.   They are compositionally distinct from the 
Collingwood River samples (Figure 3-22), being lower in aluminium and higher in 
iron/magnesium/manganese than the Collingwood River samples. The three north 
Nye Bay samples plot closely together on the AFM diagram (Figure 3-22A), while 
the two from the south side of Nye Bay are slightly different from the north Nye Bay 
group, plotting to either side, one lower and the other higher in aluminium.  The two 
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samples from Mulcahy Bay and the one from just north of Wreck Bay are generally 
higher in aluminium than the north Nye Bay samples.  The ACF diagram (Figure 
3-22B) emphasizes the very low calcium nature of all of these samples, which plot 
along the A-F edge. In general, the more southern locations plot closer to A, while 
the northern locations plot closer to F (Figure 3-22B).  Taking the ratio of the amount 
of aluminium and calcium in Tasmanian pelites versus that of the average pelite 
(Shaw 1956) emphasises that the samples from different regions plot in groups 
(Figure 3-22C). The samples from the south of Nye Bay have the lowest values for 
both Alsample/AlShaw’s average pelite and Casample/CaShaw’s average pelite, the north Nye Bay 
samples are higher in both, and the Mulcahy Bay samples a little higher in Al, but 
similar in Ca to the Nye Bay samples.  Note that the whiteschist from the 
Collingwood River plots near the Mulcahy Bay and north Nye Bay samples on this 
diagram (Figure 3-22C) and the sample from Wreck Bay, which is higher in Al than 
Shaw’s average pelite, plots with the Collingwood River samples.  All samples 
analysed for this project fall well below the line (Figure 3-22C) which separates 
monazite and allanite stability (Wing et al. 2003) and monazite was found to be 
present in all of these samples in which minor components were analysed. 
3.3:PERPLE_X RESULTS 
3.3.1: Sample 68318 
Perple_X modelling for sample 68318, fully described in section 3.1.1: above, was 
undertaken using several different starting parameters.  A) using the XRF whole-rock 
composition, B) using that composition modified to contain additional MnO, and C) 
using a bulk-rock composition calculated from modal abundance and composition of 
the minerals for this sample.  Both the XRF and the modified XRF whole rock 
composition calculations resulted in loosely constrained intersections for the garnet 
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core isopleths at ~ 570o C, 5,100 bars.  However, a variety of calculations using 
various estimates of mineral mode/composition failed to give intersections for all 
four isopleths of garnet core composition, though three of the four do converge at ~ 
550o C, 4,400 bars for some of the attempts.  Several attempts were made to model 
the garnet fractionation path for this sample using the XRF-based Perple_X results. 
However, possibly due to the complexity in the zoning for this sample, no straight 
path was obtained which models the observed compositional changes to the garnet 
rim.  The garnet zoning pattern for this sample (Figure 3-2) indicates the growth of 
an inclusion-free uniform core at ~ 570o C, 5,100 bars.  The abrupt change at the 
core-rim boundary is marked both by a compositional change (XGrs up, XAlm, XPrp 
down) and the appearance of numerous fine-grained inclusions. While such a 
compositional change could have been produced by a complex PT path, the balance 
of evidence is that the change in inclusion density is produced by dehydration, 
resulting in a transient increase of available Ca, possibly due to the breakdown of 
calcite and the consumption of biotite in the matrix.  Finally, a small increase in 
temperature to 660o C, 4,000 bars is recorded by the garnet rim & matrix mineral 
compositions.  
3.3.2: Sample 68319 
Sample 68319 is fully described in section 3.1.2: above.  Perple_X modelling using 
the XRF whole-rock composition in conjunction with the microprobe analysis with 
the highest Mn concentration (from garnet A) for Perple_X calculations gives a 
region of garnet-core isopleths intersecting with a “best fit”, with all four predicted 
garnet end-members matching their measured compositions within 0.003 of the 
measured value, and XGrs and XSps within 0.001 of their measured values at ~ 550o C 
and 5,600 bars (Figure 3-23). At these conditions the sample is predicted to contain ~ 
51 wt% quartz, 14 wt% biotite, 13 wt% chlorite, 12 wt% phengite, 4 wt% 
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plagioclase, 4 wt% paragonite, 1 wt% ilmenite, and 1 wt% garnet.  Chlorite was 
found as inclusions within the garnet, although with a lower Mg/(Mg+Fe) value than 
predicted. However, as with the other Tasmanian samples, paragonite was not 
detected in the sample, indicating that the water saturated assumption of the 
calculations may not be appropriate, or the paragonite may have reacted out during 
the subsequent history of the rock.     
3.3.3: Sample 143097 
Sample 143097 (Figure 3-24) is the southern most of the southwest cost samples 
analysed for this project, coming from the coast north of Wreck Bay (Figure 3-1).  It 
is a fine-grained quartz-muscovite-garnet-biotite schist.  The mica defines a foliation, 
with muscovite flakes up to 3 mm long, and the less common biotite grains up to 0.9 
mm.  The garnet is reasonably uniform in size, reaching up to 1 mm in diameter.  It 
has cores which are rich in inclusions (chiefly quartz) compared to the rims.  The 
garnet crystals have generally homogeneous cores and zoned rims.  The garnet cores 
are higher in calcium than those of any other Tasmanian sample (Figure 3-25).  
Spessartine reaches a high of 0.041 in the core, and decreases slowly across the core 
to 0.20 XSps, before dropping more steeply to 0.006 at the rim edge, grossular ranges 
from 0.16 to 0.20 XGrs across the core, with the lower values in the centre, then drops 
to 0.03 at the rim edge, pyrope fluctuates between 0.07 and 0.09 XPrp in the core, and 
then raises to 0.18 at the rim edge, and almandine hovers between 0.70 and 0.73 in 
the core, rising to 0.79 at the rim edge (Figure 3-26).  The muscovite ranges from 
0.11 to 0.16 Na/(Na+K).  Unfortunately, all of the biotite analysed in this sample 
were too chloritised for use in geothermobarometric calculations.  Perple_X 
modelling using the XRF whole-rock composition results in the isopleths 
corresponding to the composition measured in the garnet core intersecting at 560o C 
and 6,500 bars (Figure 3-27).  At those conditions the minerals predicted to be 
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present are 42 wt% quartz, 37 wt% phengite, 11 wt% chlorite, 6 wt% biotite, 3 wt% 
garnet, and 1 wt% plagioclase.   
3.3.4: Summary of southwest coast Perplex results 
The three southwest coast samples for which garnet core isopleth thermobarometery 
led to a pressure/temperature estimate all yield similar results, which average to ~ 
560o C, 5,700 bars (Figure 3-28). The four other southwest coast samples for which 
Perple_X analysis was attempted all failed to yield useable results, with several of 
them resulting in isopleths which are parallel to one another and nearly completely 
temperature dependent.  None of the southwest coast samples analysed yielded 
working Perple_X “path” results. 
3.4:COMPARISON OF SOUTHWEST COAST GARNET COMPOSITIONS/HABIT 
In general, the garnet crystals in schists from the southwest coast of Tasmania are 
larger in size in the northern area of the coastal outcrops of schist.  The garnet in the 
Nye Bay schists (Figure 3-1) reaches 17 mm (sample 68318) in diameter in thin 
section (larger crystals of garnet were observed in the field, but not collected (A. 
McNeill, personal communication)).  The smallest grains of garnet (samples 143076 
& 143097) from southwest coast schists analysed for this project were from south of 
Mulcahy Bay (Figure 3-1).  The two samples just south of Mulcahy Bay, 143072 & 
143076, have the highest spessartine component of any Tasmanian samples, as well 
as having much lower almandine components (Figure 3-25).  Their pyrope 
component in the garnet cores is lower than any of the other three end members, and 
their grossular is lower than spessartine in the cores. 
The southern-most sample, 143097, from the coast 3 km north of Wreck Bay (Figure 
3-1) has the highest grossular component for the core compositions, with nearly 
twice as much grossular than pyrope (Figure 3-25). 
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The two samples from the south side of Nye Bay have cores which are quite high in 
almandine, fairly low in pyrope, and lower still in grossular and spessartine (Figure 
3-27). 
The five samples from the north side of Nye Bay have three types of garnet.  Type A 
(samples 68318 & 68319) has more spessartine in the core than grossular, and nearly 
as much as pyrope, type B (samples 68319B & 68320) has virtually no spessartine or 
grossular and more pyrope than does Type A (Figure 3-25). These two types are 
from a single location, and have been observed in a single thin section (Figure 3-6)—
it is possible that the type B version merely represents a slice through the garnet at a 
point well removed from the true core, but still far enough in from the edge so as to 
show the visible core-rim boundary, or these grains nucleated after most of the Mn in 
the rock had been consumed by other garnet grains.  Type C (samples 68334 & 
68335), which comes from 225 meters northwest along the coast from samples 
containing types A & B, have cores which is quite high in pyrope and rims which are 
low in almandine.  Unlike all of the other Tasmanian garnet types analysed, this type 
has a decrease in pyrope towards the rims probably reflecting garnet growth during 
cooling (Figure 3-25). 
The garnet zoning patterns (Figure 3-25) from the south west coast show that there 
was no notable increase in pressure during garnet growth, as none of the garnet 
analysed show an increase of XGrs to the rims. Indeed, most of the garnet analysed 
show fairly flat and low XGrs across the profile, a few decrease in XGrs from core to 
rim, and one sample shows a minor reversal with XGrs increasing again at the rim.  
They do, however show an increase in temperature, with fully half of the samples 
showing an increase in XPrp from core to rim.  However, the others show either a 
fairly homogeneous core with decrease in XPrp at the rims or an increase in XPrp from 
core towards rim, and a decrease at the rim.  Likewise, fully half of the samples show 
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a slight increase in XSps again at the rims indicating some resorption of garnet. Oddly 
enough, none of the samples show a reversal in all three end members—usually only 
one changes its trend at the rim, with the result that nearly all samples from the 
southwest coast show a minor reversal in compositional trend at the rim for one of 
the end members.   
3.5:SOUTHWEST COAST P/T PATHS 
In the absence of working Perplex path calculations for the southwest coast samples 
we must rely upon the classic geothermobarometric estimates in conjunction with the 
Perple_X results for the garnet core formation conditions (Figure 3-29, Figure 3-30).  
These show only a slight increase (~ 80o C) in temperature, combined with a slight 
increase in pressure (~ 100 bars) for the Nye Bay samples.   
The garnet zoning patterns can be used to add some additional detail to this 
interpretation. Most samples show increasing pyrope towards the rims. This could be 
due to increasing T or due to the elimination of the biotite reservoir as the garnet 
grew. Many of the rocks have relatively low biotite contents, which leaves open the 
latter interpretation.  The classic textural pattern of larger garnet grains with highly 
included rims suggests that the rate of garnet growth was greatly increased towards 
the rim. This is a recurring theme. Typically this would be expected if the pressure 
increased rapidly but there is very little support for that interpretation. Most rims 
have lower Ca than the cores. Only in sample 68318 (Figure 3-2) is there a pulse of 
higher Ca, and this is only for a very small interval before the Ca returns to the 
original value. An alternative interpretation that may fit these patterns is that the 
change in garnet growth habit reflects the loss of a water-rich phase.  On 
dehydration, biotite would be reduced in stability and any chlorite and paragonite 
would disappear. In such conditions garnet is favoured. As the garnet grows, biotite 
is pushed to more Mg rich compositions, leading to an increase in XPrp in the garnet 
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rims.  Loss of paragonite would push the An content of plagioclase down and the 
drop in Can in garnet without much drop in pressure may fit this model. Finally, the 
short pulse in Ca in the rims of garnet in 68318 (Figure 3-2) is consistent with the 
discrete disappearance of a high Ca phase, such as calcite, which at 640o C and 5,000 
bars would occur at an XCO2 of about 0.05 (Spear 1993). 
In summary, the PT path recognized on the southwest coast is from a core 
composition at 560o C, 5,700 bars to a rim composition at 640o C, 6,000 bars. The 
early growth is in the kyanite field, and there is late fibrolitic sillimanite in some of 
these rocks consistent with this path. The strong garnet zonation probably reflects the 
exhaustion of matrix elements as the garnet grows, probably including the loss of a 
fluid phase. 
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The Cambrian Metamorphic History of Tasmania
Chapter 4
Other Regions
CHAPTER 4: OTHER LOCATIONS 
In addition to the Collingwood River samples from the Franklin Metamorphic 
Complex and the Nye and Mulcahy Bay samples from the Port Davey Metamorphic 
Complex discussed in Chapters 2 and 3, a few samples which achieved garnet-grade 
metamorphism were selected for analysis from other areas in Tasmania, specifically 
from the Forth Metamorphic Complex, on the north coast, and the Mt. Mary and 
Raglan Range areas from central Tasmania.  The latter two areas are near 
Collingwood River, but represent a lower metamorphic grade and separate fault 
bound block. 
4.1:FORTH 
Two samples from the Forth area (Figure 4-1) were analysed for 
geothermobarometric work.   
4.1.1: Sample 75596 
Sample 75596, collected by Lewis (1991) from the hills to the west of the River 
Forth (Figure 4-1), contains chloritoid, in blades up to 3 mm long, skeletal garnet 
grains up to 2 mm long and chlorite flakes up to 0.5 mm long; finer grained chlorite 
with a slightly different composition is present in cracks in the garnet (Figure 4-2A).  
There are muscovite (0.16 to 0.21 Na/NA+K) grains (up to 2 mm) in the matrix, and 
paragonite (0.82 to 0.85 Na/Na+K) is present as an inclusion within the garnet 
(Figure 4-2B); this is the only example of a discrete grain of paragonite observed in 
this study.  The garnet core has a sieve texture comprised of a network of thin (10-30 
μm) garnet bands surrounding abundant quartz grains (up to 0.4 mm long) while the 
rim is massive and inclusion poor (Figure 4-3).  There are abundant late-stage cracks 
in the garnet which have been filled by retrograde chlorite with a different (0.42 to 
0.43 Mg/Mg+Fe) composition to that of the matrix chlorite (0.52 to 0.58 
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Mg/Mg+Fe).  Thermocalc average pressure/temperature estimate for the garnet rim 
and matrix minerals for this sample is ~ 670o C, 17,700 bars. 
4.1.2: Sample 75637 
Sample 75637 (Figure 4-4) collected by Lewis (1991) from the Forth River valley 
(Figure 4-1), is a quartz-mica schist with garnet and albite porphyroblasts.  The 
garnet crystals reach up to 1.3 mm diameter, and plagioclase up to 2.25 mm wide.  
The plagioclase is nearly pure albite, but does exhibit zoning at the rims, which are 
higher in XAn than the central portion (Figure 4-5) However, even the rims are 
considerably lower in calcium (0.02 XAn) than recommended for use in GB-GBPQ 
(see Appendix 9). The garnet zoning is asymmetrical, generally decreasing in 
spessartine and grossular and increases in pyrope and almandine from the cores to 
the rims (Figure 4-6).  Muscovite is the most common mica present, usually as 
narrow laths up to 0.5 mm.  Occasional grains which are split biotite on one side and 
muscovite on the other are present.  Unlike the biotite from the other regions, this 
sample plots entirely within the eastonite field of the Al(VI)-Fe/Fe+Mg diagram 
(Figure 4-7) and has ~ 0.55 Mg/Mg+Fe.  The muscovite is ~ 0.19 Na/Na+K (Figure 
4-7).  The requisite minerals were present to use both GB-GBPQ and Thermocalc 
geothermobarometry for this sample.  However, as discussed in Appendix 9, the GB-
GBPQ estimate of ~ 670o C, 20,300 bars can only be regarded as an upper limit on 
the pressure, due to the very low XAn in the plagioclase, which substantially increases 
the errors on pressure.  The Thermocalc average pressure/temperature estimate of ~ 
670o C, 16,100 bars is the more reliable of the two, as it draws upon the muscovite as 
well as plagioclase to estimate the metamorphic pressure. 
Two other samples from the Forth area, 154324 and 154325 were analysed but 
proved unsuitable for geothermobarometric calculations.  Sample 154324 has 
abundant muscovite, and garnet, and contains kyanite and tourmaline, but it lacks 
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biotite and plagioclase.  Sample 154325 contains garnet, plagioclase, and muscovite, 
and biotite.  The biotite is largely replaced by chlorite, and is unsuitable for 
geothermobarometric calculations. There are insufficient reactions among the relict 
minerals to calculate an average P/T for this assemblage. 
4.2:MT. MARY 
Two samples from Mt. Mary (Figure 4-8) were analysed for this project.  
4.2.1: Sample 39463 
Sample 39463, collected by Turner (1971) from along Mary Creek (Figure 4-8), is a 
fine grained quartz-mica-garnet schist (Figure 4-9A). The crystals of garnet are up to 
0.7 mm diameter and show a central core containing curved inclusion (quartz) trails, 
with a more massive rim (Figure 4-9B).  The garnet composition is quite different 
from that of the Collingwood River or the southwest coast samples.  The garnet 
crystals of the other regions are primarily almandine, their second highest component 
is generally pyrope, and spessartine is generally the lowest component. However, the 
garnet crystals of sample 39463, while almandine-rich in the rims, have very 
spessartine rich cores (Figure 4-9B).  The cores show a gentle decrease in XSps, from 
0.55 to 0.38, followed by a change in slope at the transition from the inclusion-rich 
core to the more massive rim, where it decreases to 0.11 before rising again to 0.15 
on the left-hand rim (Figure 4-9B).  Note that on the left side the compositional 
difference between the core and the rim is much more abrupt than on the right-hand 
side, as is the visual transition between core and rim.  Almandine increases from a 
low of 0.51 in the core to a high of 0.77 just in from the left-hand rim.  Grossular 
ranges in the core from ~ 0.19-0.24 XGrs, and decreases at in the rim to a low of 0.17 
XGrs.  Pyrope is very low across the core (~ 0.01 XPrp), and rises to 0.04 XPrp at the 
rim.  The muscovite ranges from 0.06 to 0.11 Na/Na+K, plotting generally lower 
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than the Collingwood River and higher than the Nye Bay muscovites on the Si-
Na/Na+K diagram (Figure 4-10).  Much of the biotite is too chloritised to use for 
geothermobarometric calculations, but three analyses were acceptable (Figure 4-10). 
These three have a Mg/Mg+Fe of ~ 0.30, and plot lower on the Si-Mg/Mg+Fe 
diagram than do the biotites from the other regions of Tasmania.  They plot well 
within the siderophyllite field of the Fe/Fe+Mg-Al(IV) diagram and are more Fe rich 
than biotites from the other Tasmanian regions (Figure 4-10C).  The plagioclase 
ranges from 0.01 to 0.06 XAn, which, as with most of the other samples from other 
regions, is lower than recommended for use with GB-GBPQ (see Appendix 9).  
Therefore, while the GB estimate of ~ 560o C gives a GBPQ pressure of 16,500 bars 
this can only be regarded as a maximum pressure.  Thermocalc gives an average 
pressure/temperature result of ~ 430o C, 9,000 bars for the garnet in Figure 4-9, using 
the right-hand rim (side without the increase in XSps) and nearby matrix minerals. 
There was one plagioclase analysed which has a higher XAn on its rim. Using that 
grain, in conjunction with the closest garnet and muscovite, and the unaltered biotite 
(~ 10 mm away) gives an estimate of ~ 540o C, 11,000 bars, which is a more 
reasonable temperature estimate, despite relying upon grains which are distant from 
one another.  Samples from these other regions were not selected for whole-rock 
analysis and Perple_X modelling, so no estimate of conditions for garnet core 
formation is available.  However the garnet growth pattern permits some inferences 
to be made.  The central portions of the garnet grains in this sample are characterized 
by curved inclusion trails. Whether one accepts the hypothesis that such trails are the 
result of garnet rotation during growth or strain partitioning and overprinting, both 
models agree that they are indicative of deformation during garnet growth, by either 
hypothesis the inclusion-poor rim is likely to have formed under different (non-
directional?) stress conditions than did the core with its curved inclusion trails.  The 
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XGrs pattern changes from the core-rim boundary to the rim (pink-lines, Figure 4-9), 
first decreasing slightly, then rising, then dropping down to the lowest levels at the 
rims. There are additional inclusions of quarts associated with the transition from 
peak rim XGrs to the lower outer rim composition.   
4.2.2: Sample 39456 
Sample 39456, also collected by Turner (1971) from along Mary Creek (Figure 4-8), 
is a quartz-mica-garnet schist with albite porphyroblasts (Figure 4-11).  The 
plagioclase is up to 0.8 x 0.6 mm, the garnet occurs in frequent very small (~ 0.15 
mm) grains, but occasional larger grains (up to 1 mm—e.g. upper left corner of 
Figure 4-11) are present.  The mica is fine-grained with muscovite (the dominate 
mica) up to 0.3 mm, and biotite up to 0.17 mm.  The foliation is formed both by 
alignment of mica and by elongated quartz grains. The long axis of the plagioclase is 
not concordant with the foliation (e.g. lower right corner of Figure 4-11).  The 
plagioclase ranges from 0.01 to 0.28 XAn.  The lower XAn values are in the interior of 
the grain, and the high XAn analysis is on the rim (Figure 4-12).  Most of the biotite is 
altered; a single analysis was obtained which was unaltered (Figure 4-13A).  During 
the second microprobe session care was taken to select only points for analysis on 
biotite grains which showed higher K peaks during pre-analysis screening than the 
other grains.  However, despite being higher in K than was available in other pre-
screened grains, all biotite analysed on the second session was chloritised, with K2O 
< 7 wt%.  The single biotite analysis has a Mg/Mg+Fe value of 0.30. Like the other 
Mt. Mary sample, it plots lower on the Si-Mg/Mg+Fe diagram than the biotites from 
other locations, and is well within the siderophyllite field of the Fe/Fe+Mg-Al(IV) 
diagram (Figure 4 13).  The muscovite ranges from 0.06 to 0.17 Na/Na+K (Figure 
4-13B), and like the other Mt. Mary sample, plots generally below the Collingwood 
River and above the Nye Bay muscovites on the Si-Na/Na+K diagram (Figure 
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4-13C).  This sample contains rutile, hematite, and ilmenite.  The rutile is preserved 
as a core in a large (0.5 mm) matrix grain with a rim (25-50 μm) of ilmenite (Figure 
4-14A), the hematite appears as narrow embayed matrix grains up to 0.2 mm long 
(Figure 4-14B), and there are small (0.1 x 0.01 mm) inclusions of ilmenite within 
garnet (Figure 4-14C).  The small ilmenite inclusions have a slightly different 
composition than the rim of the large ilmenite-covered grain, with the inclusion 
being slightly higher in SiO2 and lower in TiO2 than the rim of the large grain 
(Figure 4-14D). The garnet shows zoning with a reversal at some rims, but, usually, 
only on one side of the grain (Figure 4-15).  The GB-GBPQ gives an estimate of ~ 
500o C, 9,000 bars using the plagioclase rim, the non-reversed rim of the nearest 
garnet (Figure 4-15), and the only usable biotite analysis.  Thermocalc average 
pressure/temperature calculations using these same points and a nearby muscovite 
grain gives an estimate of ~ 570o C, 8,600 bars (Figure 4-16).   
The two Mt. Mary samples have overlapping P/T results, and the result of ~ 570o C, 
8,600 bars is the preferred result for this region. 
4.3:RAGLAN RANGE 
One sample from the Raglan Range region was analysed for geothermobarometric 
work.  Sample 30145, collected by Gee (1962) from the south side of the range along 
the banks of the Joyce River (Figure 4-17), is a crenulated schist (Figure 4-18).  The 
foliation is defined by muscovite laths up to 1 mm long, with smaller (up to 0.25 
mm) biotite grains.  The garnet crystals are up to 0.2 mm long, the plagioclase is up 
to 1.25 mm, and the chlorite mats are up to 1 mm wide.  The plagioclase, unlike that 
from samples from other regions analysed for this project ranges from 0.33-0.34 XAn 
(Figure 4-19). The muscovite ranges between 0.10-0.21 Na/Na+K, the biotite ranges 
from 0.58-0.61 Mg/Mg+Fe, and the chlorite ranges from 0.41-0.44 Mg/Mg+Fe 
(Figure 4-19).  Plagioclase being rare in this sample, only one grain was analysed.  
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The garnet is zoned (Figure 4-20), with one of the two grains analysed showing a 
core which is largely homogeneous with respect to almandine (~ 0.60 XAlm) and 
pyrope (~ 0.16 XPrp), but increases slightly in grossular (0.16 to 0.20 XGrs) and 
decreases in spessartine (0.075 to 0.57 XSps), and a rim in which spessartine 
continues to decrease (to 0.038 XSps) while the other three end-members reverse their 
trends (to 0.68 XAlm, 0.22 XPrp, and 0.06 XGrs (Figure 4-20A).  The other garnet 
analysed shows subtle zoning which appears to consist of two grains (Figure 4-20B), 
each of which shows a slight decrease from core to rim of grossular (0.27 to 0.21 and 
0.23 to 0.19 XGrs) and spessartine (0.048 to 0.016 and 0.021 to 0.014 XSps) and a 
slight increase in almandine (0.56 to 0.57 and 0.59 to 0.60 XAlm) and pyrope (0.13 to 
0.19 and 0.15 to 0.19 XPrp). This double-grain is considerable richer in grossular and 
poorer in spessartine than the other.  Since the highest level of spessartine in the 
double-cored grain is just less than that in the single-cored grain at its core-rim 
boundary and that level of spessartine is achieved in the same analysis point as the 
highest level of grossular in that grain, and the single-cored garnet achieved its 
highest level of grossular at the core-rim boundary, the double-cored grain is 
interpreted to represent an off-centre slice through the pair of grains along the core-
rim boundary of those grains.  Therefore, I have chosen to use the rim of the single 
cored garnet for geothermobarometric calculations, even though it is higher in 
spessartine than is the rim of the double cored grain, because its rim grossular 
composition is more likely to be compatible with the conditions during which the 
garnet rims formed.  GB-GBPQ yields an estimate for this sample of ~ 700o C, 
11,400 bars.  Thermocalc was unsuccessful.   
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The Cambrian Metamorphic History of Tasmania
Chapter 5
Timing of
Metamorphism
CHAPTER 5: TIMING OF METAMORPHISM 
5.1:INTRODUCTION 
 The timing of Tasmanian metamorphism has been constrained primarily via 
chemical U-Th-Pb dating of in-situ monazite grains (see section 1.3.2.1 for methods 
details).  In addition, two pilot studies were conducted; one to determine detrital 
zircon ages (see section 5.3) and another investigating the lead isotopes in micas (see 
Appendix 11).  The locations of the thirty-three samples for which geochronological 
analyses have been undertaken are shown in Figure 5-1.  This figure includes the 
fourteen samples reported in Berry et al (2007—see Appendix 1), some of which 
have had subsequent supplementary analyses, and nineteen additional samples 
analysed after that publication. Detail maps showing each region and the locations of 
the samples therein are available in the sections relating to each sample. For those 
samples wherein geothermobarometric work was also undertaken, the maps are with 
their sample descriptions in the earlier chapters; this chapter contains maps and 
sample descriptions for those samples for which only geochronological results have 
been reported. 
5.2:MONAZITE AGES 
5.2.1: Summary of Results 
The overall trends in the monazite results will be presented first, followed by detailed 
results for each sample, sorted by region, showing how the individual samples relate 
to the overall trends.   
5.2.1.1: PATTERNS IN AGE RESULTS 
The combined monazite data probability diagram for all Tasmanian regions included 
in this study shows that the primary metamorphic episode occurred in the Cambrian, 
with additional data in the Mesoproterozoic, a range of ages between those two 
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peaks, and a few, rare Devonian age analyses (Figure 5-2).   Figure 5-3, which 
displays these results sorted by age and plotted sequentially (without their error bars), 
shows trends in the data that are useful when considering how much of the data to 
include in the weighted mean age calculations for each peak.  The primary pattern 
within the data falls in the Cambrian, where the curve segment approaches horizontal 
(Figure 5-3).  This portion of the curve is centred at ~ 505 Ma with “tails” bending 
off approaching right angles at each end in a symmetrical pattern; this portion of the 
pattern ends at gaps in the data at ~ 400 and 600 Ma (Figure 5-3 inset).  Therefore, 
those two end ages were selected as the arbitrary cut-off points for calculating the 
weighted mean age of the main, Cambrian, Tasmanian metamorphic event recorded 
by this episode of monazite growth.   This age comes to 505 ± 1 Ma with a MSWD 
of 1.02 after Isoplot rejected 31 of the 643 points that fall between 400 and 600 Ma 
(the main peak of Figure 5-2 represents 67% of the monazite analyses considered in 
this study).  However, there are variations in this age if one considers the results by 
region.  The region which best agrees with the above mean age for all Cambrian 
monazite results is the southwest coast; the 11 samples from Mulcahy, Nye, and 
Wreck bays combine to give a weighted mean age of 505 ± 2 Ma with a MSWD of 
1.12 for 196 out of 205 analyses (small green ellipse, Figure 5-4).  The two non-
whiteschist samples from the southern block of the Collingwood River have a 
combined age that plots with a similar centre, but larger error ellipse, at 506 ± 6 Ma 
with a MSWD of 3.4 for 37 out of 39 analyses (larger green ellipse, Figure 5-4).  
One of the regions plots at a lower age than the above reported mean for all results 
(red ellipse, Figure 5-4); the oft-analysed sample from Mersey River gives weighted 
mean age of 497 ± 3 with a MSWD of 1.12 for 166 of the 171 points analysed on 
sample 7401).  The other regions all plot (varying shades of blue and teal, Figure 
5-4) with ages higher than the above total combined mean, with the best of these 
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results obtained for the north block of the Collingwood River, which has a weighted 
mean age of 511 ± 3 Ma with a MSWD of 1.2 for 87 of 90 analyses from eight 
samples.  The north coast samples have a weighted mean age of 511 ± 5 Ma with a 
MSWD of 1.09 for 73 of 76 analyses.  The single sample from Strathgordon has a 
weighted mean of 510 ± 11 Ma with a MSWD of 1.4 for 19 points analysed, and 
finally the whiteschist from the south block of the Collingwood River has a weighted 
mean age of 508 ± 9 Ma with a MSWD 1.2 for 19 of 21 analyses on two thin 
sections obtained from this outcrop.   
Further combining the regions (grouping them by their ages), results in three distinct 
sets:  511 ± 3 Ma (for the north coast, the north block of the Collingwood River, and 
Strathgordon Region—blue ellipse and peak, Figure 5-5), 504 ± 2 Ma (for the 
southwest coast and the south block of the Collingwood River—purple ellipse and 
peak, Figure 5-5), and 497 ± 3 Ma for the Mersey River region (red ellipse and peak, 
Figure 5-5).  These numbers are similar enough that they may be regarded as being a 
single population, with random distribution of the data accounting for the apparent 
differences by region. Alternatively, they could reflect the onset of a single episode 
of metamorphism at different times within the Tyennan Orogeny at different 
locations.  However, if these three ages are to be considered representative of such 
differences in timing within this metamorphic event by region an explanation as to 
their current spatial distribution would be required, since the three sub-ages within 
the Cambrian event do not have a sequential map distribution (see Figure 5-1 for 
locations of each region—note that the text colours of Figure 5-1 match those of 
Figure 5-5 to assist with seeing the age variations by region).  This question will be 
addressed in Chapter Six.   
In addition to the above peak metamorphic event in the Cambrian, there are also a 
few (< 1% of the total analyses) Devonian aged grains, which come from two of the 
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samples analysed; one is a mylonite in the south block of the Collingwood River, the 
other is from the Mersey Valley (see discussion below). These are not considered be 
part of the main metamorphic event and they were not considered in the Cambrian 
weighted mean age calculations; their weighted mean age is 347 ± 23 Ma with a 
MSWD of 1.4 for 7 analyses. 
The remaining data show some variation in its trends (Figure 5-3). The region 
between ~ 600 and 950 Ma is very linear and approaches vertical, due, in part, to the 
sparseness of the data in that age range (4% of the total data).  Arranged in this type 
of diagram, the more horizontal segments of the curve are due to multiple analyses 
which share ages which are the same, within error, while the steeper segments of the 
curve occur when the adjacent ages have markedly different ages and are thus widely 
scattered, and do not form a discrete age population. It is interpreted that the analyses 
which fall into the ~ 600-1000 Ma age range are “mixed” ages with no specific 
significance.  Above ~ 950 Ma there are four subtle bends in the data (centred, one 
each, in the teal, green, olive, burgundy, and purple portions of the curve—Figure 
5-3) before it settles into a smooth symmetrical curve (upper blue segment) again 
above ~ 1300 Ma.  Given these patterns, Figure 5-6 was prepared showing only those 
data from all regions with ages greater than 950 Ma (29% of the analyses) so that the 
patterns in this portion of the data would be more clearly visible.  This diagram 
illustrates the spread in the older data, which has a main, broad peak, and some lesser 
bumps (which account for the above mentioned “subtle bends” in trend on Figure 
5-3).  Isoplot’s “unmix ages” algorithm is a useful tool in determining which data can 
reasonably be included in assigning an age to such a broad peak as the largest shown 
in Figure 5-6.  However, that algorithm is limited to breaking the data down into six 
categories; therefore it is not useful applied to the entire range of data from all 
analyses (~ 300-1550 Ma), which, clearly (Figure 5-2, Figure 5-6), contains more 
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than six “groups” of ages.  The above observations in the trend suggested that the 
“unmix ages” be applied only to those data with ages greater than 1000 Ma, which 
results in the assignment, with a total “relative misfit” of 0.223, of ages to the 
“peaks” at 1027 ± 9 Ma (10%), 1107 ± 11 Ma (11%), 1202 ± 7 Ma (15%), 1291 ± 8 
Ma (18%), 1367 ± 7 Ma (32%), and 1430 ± 10 Ma (14%).  These values visually line 
up with the minor peaks on the graph (Figure 5-6).  However, it is very unlikely that 
each number thus obtained represents a discrete metamorphic event.  Certainly, the 
largest peak, at 1367 ± 7, which comprises 32% of the data considered by Isoplot (or 
86 of the analyses) is the most reliable event recorded by monazite growth.  The 
other “peaks”, with their height gradually diminishing towards the younger ages may 
be a result of mixed ages (as is almost certainly the case for those data between 600 
and 1000 Ma) or a series of less significant events.  The pale yellow line in Figure 
5-6 is the (offset for visibility of the underlying probability curve) smooth curve that 
connects the highest peak (~ 1366 Ma) with the lowest (~ 1030 Ma), and evens out 
the lesser peak and accompanying troughs.  A two stage Mesoproterozoic history 
would explain the gross shape of the combined monazite age probability diagram. 
The peaks at 1107, 1202 and 1291 Ma must be considered as low reliability, but 
possible, events based on this data.   
5.2.1.2: COMPOSITIONAL TRENDS OF MONAZITE 
Figure 5-7 shows the range in abundance of the elements Sr, Th, U, and Y within the 
Tasmanian monazite grains analysed for this study.  The changes in slope for each of 
the plots were used to delineate concentrations of each of these elements within 
monazite in this study, with boundaries set for each segment of the curve with a 
unique trend; the designations “very low”, “low”, “medium”, and “high” were 
assigned such that consistent terminology could be used throughout the following 
discussion, particularly when linking differences in concentration of individual 
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elements in monazite to specific monazite generations.  In addition, comparisons of 
concentration of each element by region are presented to illustrate changes in 
monazite composition across the state (Figure 5-8). 
The element with the smoothest curve for its graph showing the number of analyses 
at each concentration (Figure 5-7A) is Sr.  This is due, in part, to the very low 
concentrations of Sr in the monazite, with the highest level of Sr in monazite 
analysed for this project being 0.99 wt% Sr.  Fully 67% of the monazite analyses 
used for the weighted mean age calculations for this study fall into the “very low” 
category (< 0.026 wt% Sr). Unlike the other elements addressed in this section, the 
boundary “very low” for Sr is set at the detection limit for the microprobe analysis.  
An additional 23% of these analyses are “low” (0.03-0.14 wt% Sr), 9% are 
“medium” (0.14-0.40 wt% Sr), and the final 1% of these analyses are “high” (> 0.40 
wt% Sr).  The few monazite analyses with high Sr come primarily from the 
Southwest coast, with a couple from the south block of the Collingwood River 
(Figure 5-8A).  The medium Sr monazite analyses are from the above two regions 
and also the north block of the Collingwood River (Figure 5-8).  The low Sr 
monazite results are from the above regions plus the Forth, Mersey River, and 
Strathgordon areas. The Settlers Schist monazite analyses are all very low in Sr, as 
are some analyses from each of the other regions (Figure 5-8).  The presence of Sr in 
monazite has been linked to growth in an environment of elevated pressure, which 
breaks down plagioclase, thus liberating Sr for other minerals (Finger and Krenn 
2007) therefore Sr-Age monazite diagrams have been prepared for these samples 
(Figure 5-9A; see also individual sample results below).  In general, the older 
monazite analyses are very low to low (often below detection limits) in Sr, but those 
from the main, Cambrian, metamorphic event range from below detection limits to 
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high Sr, which could be indicative of a higher pressure regime for that episode of 
monazite growth than for the earlier one(s). 
The divisions for Th concentration (Figure 5-7B) have been set several levels, the 
lowest of which is “very low” < 1 wt% Th. This category contains 5% of the all of 
the monazite analysed for this study, but 0% of those used for weighted mean age 
calculations as the assumption of zero common Pb becomes increasingly 
inappropriate in low Th monazite as the proportion of radiogenic Pb drops.  The 
primary source of radiogenic Pb is Th; below 1% Th, and there is ample evidence in 
this data that the ages have serious systematic errors that can be attributed to 
common Pb or to errors in estimating the background value on Pb. The other 
categories are low 1 to 5 wt% Th (72% of the monazites analysed which were used 
for weighted mean age calculations), 5-10 wt% Th (24%) and high > 10 wt% Th (3% 
of the monazite analysed for this study).  By region (Figure 5-8B) most of those 
analyses which are high in Th come from the southwest coast and the south block of 
the Collingwood River, with a couple of isolated analyses from the north block of the 
Collingwood River and the Mersey River.  The medium Th analyses come from 
those areas plus some from Forth, two analyses from Strathgordon, and one analysis 
from the Settlers Schist.  All regions have low Th monazite analyses, but only the 
southwest coast and both blocks of the Collingwood River display an appreciable 
number of very low Th monazite analyses, with only one each from Mersey and 
Settlers Schist, and none from Strathgordon or Forth.  A comparison of Th in 
monazite by age (Figure 5-9B) shows that the high Th analyses are most likely to be 
from the young generation, but that there is no pattern to the age vs. Th for the other 
concentrations of Th, and the young generation also contains abundant analyses with 
very low, low, and medium levels of Th.   
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The divisions for U concentration (Figure 5-7C) in monazite have been set at < 0.1 
wt% U for very low (3% of the monazite analyses used for weighted mean age 
calculations for this study), 0.1 to 0.9 wt% U for low (80%), 0.9 to 2 wt% U for 
medium (17%) and > 2 wt% U for high (only 1% of the monazite analyses used for 
weighted mean age calculations).  Comparing U concentration by region (Figure 
5-8C) shows that the high U analyses are primarily from the southwest coast, with 
three individual analyses from the south block of the Collingwood River, and one 
individual analysis from Strathgordon.  The medium U analyses are primarily from 
the south west coast and from the south block of the Collingwood River, with 
additional analyses from the north block of the Collingwood River, Strathgordon, 
and two analyses each from Forth and Mersey River. However, most of the latter 
medium U analyses are from the low end of the medium range (Figure 5-8C).  All 
regions have low U monazite analyses, and only Forth and Strathgordon are without 
very low U monazite analyses.  The high U monazite analyses are all from the young 
(~ 505 Ma) monazite generation (Figure 5-9C). The medium U analyses reach their 
higher levels in the young generation, but all ages fall into the lower range of 
medium, and there is no correlation between age and the low and very low levels of 
U in monazite analysed for this study.  Finger and Krenn (2007) reported distinct 
differences in U and Th contents of their different monazite generations.  A 
comparison of U vs. Th concentration in monazite by age of analysis location (Figure 
5-10) reinforces the above observations that only the analyses with young ages show 
high levels of U or Th, though by far most of the analyses of either generation fall 
into the overlapped region of very low to medium U and Th levels.   
Divisions for the ratio of Th/U (Figure 5-7D) fall at very low < 3 (4% of the 
monazite analyses used for weighted mean age calculations for this study), low 3 to 
10 (62% of the monazite analysed), medium 10 to 48 (32%), and high > 48 (2% of 
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the monazite analysed for this study).  By region (Figure 5-8) Forth is mostly low 
with some (lower end of the range) medium Th/U, Mersey River is low to medium 
with a couple of high Th/U, Settlers has a few analyses on the very low/low 
boundary, then a gap with the remainder in medium save for two high Th/U, both the 
north and south blocks of the Collingwood River range across the spectrum from 
very low to high, though with the south block there are only two high, and 
considerably fewer medium than there are low.  Strathgordon is only very low to 
low, and the southwest coast monazite analyses range from very low to the low end 
of high, but few of those analyse fall above the middle of the medium range Th/U. 
As shown in Figure 5-7E, analyses with Y > 2 wt% (3% of monazite analyses used 
for weighted mean ages for this study) are designated “high” in Y, “medium” ranges 
from 0.8 to 2 wt% Y (60%), “low” ranges from 0.09 to 0.83 wt% Y (30%), and “very 
low” are < 0.09 wt % Y (6%).  The monazite analyses that are high in Y are from the 
southwest coast, the south block of the Collingwood River, and the Settlers Schist 
(Figure 5-8E).  All regions save Strathgordon have medium-Y monazite analyses, 
though neither Forth nor Mersey, nor, to a lesser extent, the north block of the 
Collingwood River reach as high as the top of the medium range.  While low-Y 
monazite analyses do appear in all regions, they are rare in the Settlers Schist.  There 
are no very-low Y monazite analyses from the Mersey River, Strathgordon or 
Settlers Schist.   
The high Y analyses are only seen in the Cambrian monazite generation, while the 
older generation are most likely to be in the middle Y range (though there are a few 
older low Y analyses; Figure 5-9E).  As with figure 5 of (Krenn et al. 2008) the high 
Y samples are also in the lower Th range (Figure 5 4B).  Yttrium is an element which 
is very compatible with garnet (e.g. Pyle and Spear 2003), and monazite has been 
shown to be richer in Y + HREE when it grows in a pre-garnet environment or 
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during a time of garnet breakdown (Zhu and O'Nions 1999) and changes in 
concentration of Y across individual grains have been linked to individual age 
domains (e.g. Gibson et al. 2004).  Therefore graphs plotting age vs. Y and age vs. 
LREE/HREE ratios in monazite were made for each these samples to show the 
relationships between the different generations of monazite with the timing of the 
garnet growth (see individual sample results below).  There is a distinct change in the 
slope of concentration of Y in monazite (Figure 5-7E) that was used to differentiate 
the low and medium levels of Y.  This change in slope has been interpreted to reflect 
a distinct difference in composition of monazite based upon the changing availability 
of Y during different monazite growth periods and/or changes during a single growth 
event.  These changes in Y availability are likely linked to changes in garnet growth 
or breakdown as discussed above. 
Ratios of LREE/HREE elements in monazite show patterns much like the other 
elements, with the bulk of the analyses of all generations falling into the low 
category, with only a few of the older generations falling just across the border into 
very low or medium categories (Figure 5-7F), but the young monazites spanning the 
range from very low through to high (Figure 5-9F).  As with the other elements, the 
southwest coast shows the largest range in LREE/HREE ratio, and Strathgordon the 
narrowest (Figure 5-8F). 
Of note from this analysis is that the Cambrian monazite analyses are skewed to 
lower Y and higher Sm/Gd, both of which support more garnet in the rocks during 
the Cambrian event than had been available during earlier growth episodes.  
Similarly the Sr is skewed to higher values in the Cambrian monazite suggesting less 
plagioclase in these samples during the Cambrian than in the Mesoproterozoic.  
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5.2.2: Collingwood River monazite results by sample 
The Collingwood River area is separated by faults into different packages; the two 
“blocks” are considered separately here due to their differences in age results.  The 
samples from the north block, near Bill’s Creek (Figure 5-11) show two distinct age 
populations.  The north block younger monazite population is tightly constrained 
with a weighted mean age of 512 ± 4 Ma with a MSWD of 1.2 for 88 analyses.  The 
older generation shows considerable variation in ages (Figure 5-12A), with a pattern 
that is very similar to that obtained from all Tasmanian data (Figure 5-6) as the north 
block of the Collingwood River is the source of 189 of the 270 analyses with ages 
greater than 1000 Ma.   There are also an additional 22 analyses ranging from ~ 600 
to 1000 Ma which probably represent “mixed” ages, representing new monazite 
growth from the ~ 500 Ma episode on pre-existing grains with the analysis location 
comprising both zones.  The southern block of Collingwood River, near Scarlett 
Creek (Figure 5-13) has the greater majority of its analyses from the Cambrian 
generation of monazite (Figure 5-12B), with only five analyses (from three samples) 
greater than 600 Ma and an additional five analyses from the Devonian which have a 
weighted mean age of 342 ± 30 Ma with a MSWD of 1.5 (from one sample). All of 
the southern block of the Collingwood River monazite results taken together yield a 
weighted mean age of 504 ± 5 Ma (Figure 5-12) with a MSWD of 3, with 9 of the 95 
analyses rejected by Isoplot, which agrees quite well with the results obtained when 
considering only those 76 data points whose ages fall within the range 400-600 Ma.   
There are some variations in the composition of monazite with the age of the grains 
(Figure 5-14, Figure 5-15).  Both blocks of the Collingwood River have older 
monazite grains which are very low in Sr, whilst the intermediate age grains range 
from very low to low, and the young grains range from very low to medium (Figure 
5-14A, B).  The skew to higher Sr in the Cambrian analyses should correlate with the 
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destruction of plagioclase and therefore could indicate that the younger generation of 
monazite grew during increasing pressure conditions whilst the older generation of 
monazite grew under lower pressure conditions where plagioclase was stable (Finger 
and Krenn 2007).  That the grains with “intermediate ages” tend to have Sr 
concentrations which lie between the levels seen in the old and young grains supports 
the hypothesis that the intermediate ages do not reflect a separate period of 
crystallization, but rather result from a mixing at that point in the monazite grain of 
compositions from both the older and younger periods of metamorphism.  
The north block of the Collingwood River has intermediate and old monazites with Y 
concentrations which primarily fall into the medium category (0.8 to 2.0 wt% Y), 
while the young grains tend to be low Y, with only 18% of the young monazites 
reaching medium Y levels, and then not more than 1.3 wt% (Figure 5-14C).  The 
south block, on the other hand, has young monazites spanning the full range from 
very low to high Y (> 2 wt%), with a gap in the data at the low-medium Y boundary 
(Figure 5-14D).  The high-Y monazites come from two samples, 160730 (one of the 
two whiteschists), where it is associated with the garnet rims, and 32142, a garnet-
poor schist.  There is a correlation in the latter sample between the concentration of 
Y in monazite and the distance to the nearest garnet visible within the plane of the 
thin section (see below), which is interpreted to indicate that the garnet and the 
monazite were growing in unison, with the garnet taking up available Y in its 
immediate vicinity, causing near-by monazite grains to be depleted in Y with respect 
to those further away from garnet.  While there may well be garnet just off the plane 
of the thin section, the overall garnet-poor nature of this sample, and the 
concentration of garnet into patches, nonetheless permitted the recognition of this 
correlation.  The correlation of the high and medium Y monazite with the garnet rims 
in sample 160730 while the very low-low Y monazite is included within the garnet 
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cores is interpreted to indicate that the low Y grains grew during a period of garnet 
growth and the high Y monazite grew during a lull in garnet formation, or, perhaps, 
even during a period of garnet break-down.  The fact that both the high and the low 
Y monazite grains in this sample are from a single generation of growth indicates 
that the transition from garnet growth to no garnet growth may have taken place 
during the same episode of metamorphism which created the monazites.  The growth 
of the garnet rims, which encloses some of the high-Y grains, may well have 
occurred during a later stage of the same event, however a t-test comparing the ages 
of the low-Y with the high-Y grains for this sample does not show a statistical 
difference in age between the two compositional types. 
The north block of the Collingwood River contains monazite with a tight range of Th 
values clustered at low-medium Th boundary, while south block young generation 
monazites range from very low to quite high Th (Figure 5-14E, F) for the young 
generation (~ 510 Ma) when compared to the older generation (~ 0-11 wt% Th).  The 
old monazites from the north block range from very low to (just) high Th, though the 
bulk of them fall at the same level as do the young ones (Figure 5 49 E). The south 
block older grains fall only into the low Th category (Figure 5-14F), however, they 
are so few in number no reliable conclusion can be drawn.   
The north block monazites are consistently low in U. However, the old grains range 
across the entire low field, whilst the young ones are concentrated in the upper levels 
of the low category (Figure 5-15A). The south block, on the other hand, has young 
monazites which range from very low to high U, though the other generations are 
only low U (Figure 5-15B).  As a result of the above, the Th/U ratio is consistently 
low for the young and intermediate north block monazite grains, but ranges from 
very low through to high in the old grains; the south block monazite grains have a 
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few young/intermediate grains reaching medium, while the old grains, which are the 
majority of the grains sampled, are very low to low (Figure 5-15C, D). 
The LREE/HREE ratios for the north block monazite grains are consistently low for 
the old and intermediate grains, but range from low into medium for the young 
grains; the south block young grains range all the way from the very low/low 
boundary up to high, while the intermediate grains (and most of the very young 
grains) are low, and the few old grains have very low LREE/HREE ratios (Figure 
5-15E, F).  The expectation is that garnet growth drives the Sm/Gd higher because of 
the strong fractionation of HREE into garnet. The results from Collingwood River 
support a general trend of garnet growth during monazite crystallisation. 
5.2.2.1.1 North Block Collingwood River 
5.2.2.1.2  Sample 67665 
Sample 67665 (for sample description see section 2.5.2.1) contains at least two 
generations of monazite, with a few analysis spots of intermediate age (Figure 5-16).  
The bulk of the analyses are for the younger, mostly Cambrian, age. However, the 
sample gives a weighted mean age of 535 ± 24 with a MSWD of 6.8 for ten analyses 
on three grains (two of which have analyses with old ages in their cores).  Comparing 
this sample with the results from the other samples shows that there is a minor 
“peak” at 590 Ma (Figure 5-16).  Excluding grains more than 2 standard deviations 
older than the weighted mean age, the weighted mean age becomes 529 ± 10 Ma 
with a MSWD of 1.06 after Isoplot rejected one of the remaining eight analyses.  
This age is anomalously older than is typical for the other samples. 
The remaining ten analyses range in age from 587 to 1510 Ma, but no discrete age 
populations can be identified.  There is a clear correlation between age of the 
analysis and the amount of Sr present (Figure 5-17), with the oldest grains 
incorporating little to no Sr (less than detection limits), and the young generation 
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containing up to 0.24 wt% Sr.  There is more Y in the older monazites than in the 
younger generation (Figure 5-17).  There are no high or very low Y monazite 
analyses for this sample.  Ratios of LREE/HREE are highest for the young 
generation of monazite and lowest for the older generation (Figure 5-17).  The older 
monazite generation is interpreted from these results to have grown in a garnet-free 
system, while the young generation grew in tandem with garnet.  These 
compositional differences hold true for this sample, even when the younger analyses 
are overgrowths on older cores.   
5.2.2.1.3 Sample 68788 
Sample 68788 was collected from the intersection of Collingwood and Balaclava 
Rivers (Figure 5-11).  This location contains the largest crystals of garnet from the 
Collingwood River area.  This sample includes patchy grains of garnet ~ 2 cm in 
length intergrown with quartz (Figure 5-18).   The matrix is fine grained and 
primarily muscovite (usually ~ 0.09 x 0.30 mm), which displays a crenulation 
cleavage, with a mylonitic foliation which wraps around the garnet porphyroblasts.  
There are larger grains (~ 0.9 x 0.5 mm) of undeformed muscovite in the garnet 
pressure shadow.  No biotite was observed, but fine-grained tourmaline (~ 0.2 mm) 
is present.  There is a large spread in the age of the monazite results for this sample 
(Figure 5-19).  There are only a few analyses with young ages, all of which are 
located within the matrix, which have a weighted mean age of 521 ± 11 with a 
MSWD of 0.69 for only six analysis points on two grains.  There are two analysis 
points of intermediate age and the remaining 25 analyses range in age from ~ 1150-
1481 Ma (Figure 5-19).  The youngest analysis point was ~ 1170 Ma for the 
monazite included within the large grain of garnet.  Sr for the oldest grains is at or 
below detection limits, but it is present in the younger grains, with some intermediate 
grains showing intermediate amounts of Sr (Figure 5-20).  The ~ 521 Ma monazite 
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grains are generally very low in Y, and the older grains fall into the medium Y range 
(Figure 5 10).  However, the older grains which are highest in Th/U ratios are lower 
in Y than the other old grains, falling just at the boundary between “low” and 
“medium” Y concentrations as used in this study.  The young grains have higher 
LREE/HREE ratios than do the intermediate and old grains (Figure 5-20).  These 
features indicate that garnet was much less abundant during the growth of the older 
grains.   
5.2.2.1.4 Sample 160694 
Sample 160694 (for sample description see section 2.5.4.1) also contains a range of 
ages, with the young generation consisting of only 4 analysis points (each on 
different monazite grains), all of which are included within in the rims of various 
grains of garnet.  The largest of these garnet crystals contains two young monazite 
grains, both of which are located within the compositional rim of the garnet, as 
determined by analysing the garnet on either side of the monazite grains and 
comparing with the garnet profile; the core of this garnet is very homogeneous (see 
garnet composition Figure 2-44), which facilitates assigning the designation of 
“core” or “rim” to isolated analysis points.  Those four grains range in age from 496 
Ma ± 13 to 541 ± 14 Ma. They combine to a weighted mean age of 519 ± 33 with a 
MSWD of 2.2. This high MSWD results from the fact that there are few analyses 
with a spread in the results which is larger than the errors for the data. The remaining 
17 monazite grains range in age from 611-1399 Ma, with almost half of them greater 
than 1300 Ma (Figure 5-21) and are located within the garnet core, the garnet rim, 
and in the matrix.  There is a correlation between age and amount of Sr present 
(Figure 5-22), with the older grains having Sr at or below detection limits, the young 
grains having up to 0.27 wt % Sr, and the intermediate aged grains (which may well 
reflect mixed ages of younger growth on an older core) showing intermediate Sr 
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values.  The young monazite grains analysed are low to medium Y (Figure 5-22B).  
The older grains generally fall into the medium Y range. However, the older grains 
which are highest in Th/U ratios are lower in Y than the other old grains, falling just 
above the boundary between “low” and “medium” Y concentrations as used in this 
study.  The youngest generation has the largest range in LREE/HREE ratios (Figure 
5-22C).  As a result of these compositional differences, the younger monazite is 
interpreted to have grown in tandem with garnet and in a higher pressure 
environment than the older, which had less garnet. 
5.2.2.1.5 Sample 160696 
A MLA map of monazite locations was created for sample 160696 (for sample 
description see section 5.2.2.1.5), permitting the selection for analysis of only 
monazite grains included within garnet, with 33 monazite grains included within six 
different grains of garnet analysed (Figure 5-23).  All of monazite grains analysed 
from this sample belong to the older generation (Figure 5-24), with the highest peak 
~ 1370 Ma. Sr is generally below detection limits in these monazites (Figure 5-25A).  
There being only one generation of monazite present, the Y concentrations nearly all 
fall in the “medium” level, save for the few with the highest Th/U ratios, which fall 
right on the low-medium boundary (Figure 5-25B).   The LREE/HREE ratios plot in 
a tight cluster, with values in keeping with those of other Collingwood River 
Mesoproterozoic monazites (Figure 5-25C).  It is not known if any of the monazite 
grains located in the matrix of this sample belong to the young generation, but given 
the patterns associated with the other samples, it is possible.  The old grains, 
however, are included within both the cores and the rims of the garnet, and are very 
common. 
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5.2.2.1.6  Sample 160707 
Sample 160707 (for sample description see section 2.5.7.1) contains multiple 
generations of monazite.  The younger generation has a weighted mean age of 509 ± 
6 Ma with a MSWD of 0.65 for 22 analyses on 19 different grains, all of which were 
either located in the matrix or at the very edge of a garnet grain.  The older analyses 
range in age from 610-1443 Ma (Figure 5-26), and are located within the garnet 
cores, rims and in the matrix.  The younger grains have Sr ranging from low to 
medium (0.05-0.20 wt%), and the older analyses are very low Sr (generally at or 
below detection limit), with some intermediate analyses having Sr values plotting 
between the two groups (Figure 5-27A).  This sample, containing a large number of 
analyses from both generations of monazite, displays low Y concentrations for most 
of the Cambrian monazite and medium Y concentration in the older monazite 
analyses (Figure 5-27B).  As is typical for the Collingwood River samples, the 
analyses which have low Th/U ratios also have lower Y concentrations (Figure 
5-27B).  There is a gap in the range of Y values for the younger analyses separating 
the low and medium concentrations, which corresponds with LREE/HREE ratios.  
An example of this is provided in Figure 5-27D, which plots Y vs. Ce/Dy (here 
Ce/Dy was chosen for its broad range, making patterns easier to see). This graph 
shows that for those analyses with young ages with medium Y concentrations Cd/Dy 
is markedly lower than for the low-Y analyses with young ages.  In general, as the 
analyses decrease in Y, they increase in Sr.  The low-Y analyses are found only in 
matrix monazite, while those with medium Y are usually located within garnet, 
though two large (~ 100 μm) matrix grains show both old (med-Y) and young (low-
Y) analyses in a single grain. The range of Y in the younger grains overlapping that 
of the older could be attributed to the older generation growing in a relatively garnet-
free environment, and the younger generation commencing growth before there was 
much garnet present (higher Y monazite analyses), but as the monazite growth 
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continued, garnet growth resulted in a (initially local) decrease of availability of Y 
for the monazite (which zones would increase in volume with time).  The change in 
Sr could indicate an increase in pressure taking place during this episode of monazite 
growth.  The old grains tend to show zoning in the BSE images (Figure 5-28), while 
the young ones are uniformly bright. There does not appear to be a difference in 
appearance between the grains of varying compositions, though the largest monazite 
grains in this sample are all located in the matrix, rather than included within garnet. 
5.2.2.1.7 Sample 160708 
Sample 160708 (for sample description see section 2.5.8) contains only young 
monazites (Figure 5-29), with a weighted mean age of 505 ± 7 and a MSWD of 0.96 
for 24 analyses on eleven grains which were located either within the matrix or in 
contact with the rim of garnet grain.  There being only one generation on monazite 
analysed for this sample, there is no change with age for Sr or Y (Figure 5-30).  Most 
of the analyses fall between 0.13-0.26 wt% Y (straddling the border between “very 
low and low Y as used in this study), which values are comparable with other 
Collingwood River analyses with young ages.  There are two analyses that fall into 
the medium Y category, which also show much lower LREE/HREE ratios than do 
the others (Figure 5-30).  The Sr levels, on the other hand, are very low to low, which 
is more typical of the older generation of monazite in other Collingwood River 
samples.   
5.2.2.1.8 Sample 160713 
Sample 160713 (for sample description see section 2.4.6) contains monazite from 
both generations, but only three analyses on two grains from the young generation of 
monazite, ranging in age from 503 ± 16 to 539 ± 17 Ma.  The weighted mean comes 
to 525 ± 49 with a MSWD of 1.5 for the three points.  The other 12 analyses (12 
grains) range in age from 1196-1511 Ma (Figure 5-31).   The two young grains 
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analysed are located within wide (~ 30-50 μm) mica-filled cracks in garnet, the older 
grains are located within garnet grains, both in uncracked (in the plane of the thin 
section) regions, along unfilled cracks, and one grain within one of the mica-filled 
cracks in a garnet.  The three analyses with young ages are markedly higher in Sr 
than the older analyses, which are near or below detection limits (Figure 5-32A), and 
may have grown in a higher-pressure environment than the older grains.  Likewise, 
those three analyses fall in the very low Y category whilst the older grains are 
generally in the medium Y category (Figure 5-32B), and so it is likely that more 
garnet was present during their growth than for the older grains.  They are also 
higher in LREE/HREE ratios than the older analyses (Figure 5-32C). 
5.2.2.1.9 Sample 160716 
Sample 160716 was collected for this study from the bed of the Collingwood River, 
about 35 meters downstream from the last outcrop of eclogite (Figure 5-11).  It is 
fine grained with ample quartz and muscovite (~ 1 mm long) that define a weak 
foliation, rare altered biotite (~ 0.05 mm) grains, and garnet porphyroblasts up to 3 
mm diameter (Figure 5-33).  As with the other Collingwood River samples, the 
garnet crystals have cores which are generally homogeneous and zoned rims, with no 
visual difference between the cores and the rims.  This sample contains a young 
generation of monazite, an old generation, and some intermediate grains (Figure 
5-34). The younger generation has a weighted mean age of 509 ± 8 with a MSWD of 
0.88 for eighteen analyses on sixteen grains.  The older grains range in age from 
1149 ± 21 to 1431 ± 55 Ma, with 12 of those 17 analyses greater than 1330 Ma. A 
separate compositional and age population occurs at ~ 1200 Ma. The analyses with 
young ages range between 0.02-0.10 wt% Sr and the intermediate and older ones fall 
around or below detection limit (Figure 5-35).    For this sample, there is a gap in the 
range of Sr values that generally corresponds to changes in Y concentration (Figure 
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5-35A) and with LREE/HREE ratios.  An example of this is provided in Figure 
5-35C, which plots Y vs. Ce/Dy, demonstrating that for those analyses young ages 
with medium Y Cd/Dy is markedly lower than for the low-Y analyses with young 
ages.   
5.2.2.1.10 Sample 160717 
Sample 160717 (for sample description see section 2.4.7) is unusually low in 
monazite when compared to the other Collingwood River sample, with very few 
grains found. Of the fifteen grains analysed, six were very low Th (<0.1).  The 
remaining eight grains include both generations of monazite (Figure 5-36) with Sr, Y 
and LREE/HREE age correlations that match the other Collingwood River samples 
(Figure 5-37).  The three analyses with young ages have a weighted mean age of 498 
± 19 Ma with a MSWD of 1.1; they range from a low of 444 ± 51 to a high of 509 ± 
13 Ma.  The analyses with older ages range from 702 ± 18 to 1361 ± 18 (Figure 5-
38).   
5.2.2.1.11 Sample 160736 
Sample 160736 is a mylonite showing top-to-the-east displacement (see section 
2.1.3) collected for this study from an outcrop along the Lyell Highway just east of 
where it crosses Bills Creek (Figure 5-11).  It contains abundant mica fish, quartz, 
and small grains of garnet.  It was selected for detrital zircon analysis (see section 5.3 
below) and the mineral separate was found to contain abundant monazite as well, 
therefore monazite analysis of the mounted grains was undertaken.  Unlike most of 
the other Collingwood River samples, this sample had no young (Cambrian) 
monazites analysed (the only other sample for which this was true is 160696, where 
only grains included within garnet were analysed).  However, the mineral separation 
does not recover small grains, so it is possible that there is also an unanalysed young 
monazite population is this sample.  The ages of the analysed grains range from ~ 
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728 to ~ 1425 Ma (Figure 5 27).   Multiple analysis points were chosen for every 
monazite grain analysed, and whilst some have all analysed points giving the same 
age (within error), seven of them show distinctly younger rims than cores (Figure 
5-39).  Three show older ages ranging from 1,300 to 1,400 Ma with rims ~ 1,200 Ma, 
and the other four have rims between 700 and 900 Ma.  These younger rims may 
represent a metamorphic overgrowth during the time period(s) calculated for these 
points. More likely, they are the result of a partial resetting of the rims of, and along 
cracks within, these grains during the ~ 510 Ma event which affected the other 
samples from this region.  The composition of those younger analysis points is 
higher in Sr than the older points, but narrower in range for Y and LREE/HREE 
(Figure 5-40).  The Mesoproterozoic monazite analyses fall into two groups in terms 
of the Y content. The lower group is consistently near the major peak at 1375 Ma. 
The higher Y group includes most of the younger Mesoproterozoic analysis. 
The monazite in this study show a rounded morphology (Figure 5-41) that is 
consistent with a detrital origin for these grains. They are mostly 50-100 μm across. 
The age distribution is compared with detrital zircon ages in the section below.   
5.2.2.2: SOUTH BLOCK COLLINGWOOD RIVER 
5.2.2.2.1 Sample 32142 
Sample 32142 (Figure 5-41), collected by McIntyre (1964) from the “southwest side 
of Collingwood Range” is a schist with a folded foliation defined by coarse 
muscovite (up to 2 mm), fine biotite (up to 0.25 mm), and occasional late-stage 
chlorite.  There are rare garnet grains up to 0.25 mm, and plagioclase crystals up to 
1.5 mm.  It contains two generations of monazite. The bulk of the grains analysed are 
from the younger generation (Figure 5-42), with a weighted mean age of 505 ± 9 and 
a MSWD of 0.38 for 15 of the 16 points.  The point rejected by Isoplot as not 
appropriate to the data set is the youngest analysis for this sample at 455 ± 12 Ma, 
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and is the second spot from a single grain, the first of which has an age of 505 ± 18.  
This grain (M) is higher in Y and lower in all of the LREE/HREE ratios than the 
other monazite grains in this sample (Figure 5-43).  The three older grains analysed 
range in age from 1094 ± 47 to 1237 ±18 Ma.  As with the north block Collingwood 
River samples, the younger analyses show a much broader range in their 
compositions than do the older analyses.  However, in this case the older grains fall 
into the middle of the range, rather than being significantly lower or higher in Y than 
the younger samples (Figure 5-43).  There is a very clear correlation between 
distance of monazite grain from the nearest garnet (in the plane of the thin section) 
and the amount of Y in the monazite, with those grains at a distance to the garnet 
having higher concentrations of Y than those in close proximity to garnet (Figure 5-
43C). This relationship demonstrates that trends in composition of monazite have 
both a spatial and temporal component. It may not be easy to separate these two 
effects. This may also explain why most samples have monazite with large range of y 
contents, since each monazite grain will be located at a different distance to the 
nearest grains of garnet than the others. 
5.2.2.2.2  Sample 39140 
Sample 39140 (Figure 5-44) is a whiteschist, collected by Boulter in 1978 from the 
Collingwood River, just upstream from its intersection with Scarlett Creek (Figure 
5-13).  Note that there had been some question as to the precise location of this 
outcrop. Therefore this study included an expedition to re-sample the whiteschist, 
and the location reported here for both this sample and 160730 below is deemed to 
be the correct location, it being unlikely that there is more than one outcrop of 
whiteschist in this region.  This sample contains garnet up to 3 mm wide with two 
very different aspects. One of the garnet forms (Type B, see discussion in Chapter 2) 
consists of very cracked interiors and relatively intact, narrow rims, but these grains 
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are compositionally homogeneous.  The other (Type A) features a relatively 
uncracked aspect, with no visual difference between rims and cores, but distinct 
compositional differences between the two zones, with the interior showing one 
fairly uniform composition and the rims showing another.  Type B, with its fairly 
uniform composition, is similar to the rims of the Type A (Figure 5-45).  The heavily 
cracked interiors of Type B, with their relatively uncracked rims, could relate to a 
period of garnet breakdown due to an abrupt change of pressure followed by 
subsequent garnet growth; however, such a scenario does not account for the 
similarity between the composition of the cracked grains with the rims of the 
uncracked garnet.  The whiteschist also contains talc, quartz, and kyanite.  This 
sample contains only young monazite grains, with the results clustered in a Cambrian 
peak centred ~ 510 Ma, with smaller bumps in the Ordovician (Figure 5-46).  
Compositionally, there is a notable difference in Y concentration, with the higher Y 
grains tending to have Ordovician ages (with a weighted mean age of 461 ± 28 Ma 
with a MSWD of 1.8 for 4 analyses with Y > 0.2), and the lower Y grains scattering 
across the width of the peak, from 486 ± 6 to 531 ± 7 Ma (with a Cambrian weighted 
mean age of 508 ± 9.3 and a MSWD of 3.4 for eleven analyses) (Figure 5-47).  The 
young population potentially records a period of garnet breakdown that is not 
recorded in the other samples, including the other whiteschist thinsection (see 
below). 
5.2.2.2.3 Sample 160730 
Sample 160730 is the whiteschist collected for this study, and is fully described in 
section 5.2.2.2.3.  This sample is noteworthy for the large cluster of more than 70 
monazite grains included in a 1.2 x 1.0 mm region within the core a single garnet 
grain that measures 2.9 x 2.4 mm (Figure 5-48).  This sample had two different 
monazite microprobe analysis sessions. The first session analysed 18 points on 13 
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grains which are not part of the above mentioned cluster. These grains were located 
within the matrix (five analyses on two grains), within the garnet cores or along the 
core-rim boundary zone (six grains) as determined by the location of a ring of quartz 
inclusions within the garnet (the garnet cores containing monazite were not 
analysed—however, analyses on other garnet grains in this sample show that the 
visible core-rim boundary corresponds with the compositional transition—e.g. Figure 
5-49), and within the garnet rims (seven analyses on six grains), again as determined 
by the rings of quartz inclusions.  The second session analysed 29 spots on 25 grains 
within the above mentioned cluster of monazite grains.  All of the monazite analysed 
for this sample group fall into a single, broad based peak (Figure 5 40), with the 
individual analyses ranging from 469 ± 32 Ma to 667 ± 21 Ma. The weighted mean 
for all analyses (over 1% Th) is 506 ± 8 Ma with a MSWD of 3.3 for 24 of the 25 
analysis points (Figure 5-50).  There is a notable range in the amount of Y in the 
monazite.  The isolated grains which are present as inclusions within the rim of the 
garnet (as determined by their position relative to circles of quartz inclusions within 
the garnet e.g. Figure 5-49) are all medium Y while those that are present in the 
garnet cores are low Y (Figure 5-51).  In addition, the analyses from the matrix 
monazite and the large cluster of monazite (Figure 5-48) are medium to high Y.  A 
comparison of this sample with the other whiteschist, 39140, reveals those analyses 
wherein Y is greater than 1 wt% are present only in this sample, and they show a 
much broader range of ages than do the low Y analyses from both samples (Figure 
5-52).  The high Y grains are also notably lower in Sr (< 0.05) than the low Y grains 
(Sr > 0.05) from both whiteschist samples (Figure 5-52A). The high Y grains range 
from 1 to 19 wt% Th, (analyses less than 1% Th have not been included in these 
diagrams, as discussed above), but are generally less than 4% Th (Figure 5-52C).  
While there is a clear difference in age of the analyses for 39140, with the Y > 0.2 
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analyses being younger than those < 0.2, such a correlation could not be 
demonstrated for 160730, which has medium to high Y analyses both younger and 
older than the low Y analyses.  A t-test was not able to detect a difference in the ages 
between the two types of monazite for this sample.   
5.2.2.2.4 Sample 160734 
Sample 160734 is a mylonite with top-to-the-north displacement (see section 2.1.3) 
collected from the south block of the Collingwood River, approximately 130 meters 
downstream from the whiteschist (Figure 5-13). It has a pronounced stretching 
lineation (Figure 5-53) and it is dominated by coarse grained muscovite (up to 1 mm) 
and occasional grains of plagioclase defining the foliation and segregated from the 
finer grained quartz (0.2 mm).  In addition there are small (up to 1 mm) grains of 
garnet which occur in both the mica rich and quartz rich regions (Figure 5-54).  The 
monazite grains in this sample are rare and corroded in appearance (Figure 5-55).  
They range in age from 306 ± 17 to 742 ± 25 Ma.  The weighted mean age for all 
eleven analyses for this sample is 470 ± 70 with a MSWD of 40 for eleven analyses 
(Figure 5-56).  However, the late Paleozoic results (< 400 Ma) may be considered to 
be a separate population (only one other sample analysed for this project also has 
results < 400 Ma), in which case they have a weighted mean age of 342 ± 30 with a 
MSWD of 1.5 for five analyses. These grains could represent reactivation of this 
mylonite zone during the Carboniferous, which might account for the difference in 
the sense of displacement recorded in this mylonite than in the others from the region 
(see Appendix 10).  The remaining six analyses range in age from 477 ± 15 to 742 ± 
25 Ma. Discarding the oldest and considering only those between 400 and 600 Ma 
gives a weighted mean age of 523 ± 41 with a MSWD of 5.3 for five analyses.  
While one of these analyses is compositionally different from the others, being 
notably higher in Y and Sr and lower in Th, U, and LREE/HREE ratio (Figure 5-57), 
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it falls into the middle of the age range, and its removal does not improve the 
MSWD. 
The monazite in this sample is generally very low to low in Y, low to medium in 
LREE/HREE ratio, and ranges from low to high in Sr (Figure 5-57).   
Unlike some of the other samples, there does not appear to be a pattern correlating 
the location of the monazite (quartz-rich vs. mica-rich layers or distance to nearest 
garnet grain in the plane of the thin section) and the composition of the monazite.  
None of the monazite in this sample is located within garnet grains.  The 
interpretation is that the monazite in this sample has been disturbed by a 
hydrothermal event related to shear zone reactivation during the Late Devonian or 
Carboniferous. 
5.2.3: Southwest Coast Monazite Results by Sample 
5.2.3.1: SUMMARY OF SOUTHWEST COAST AGE RESULTS 
The samples from the south west coast come from three locations. The northernmost 
costal samples analysed are from Nye Bay (Figure 5-1), where there are two 
monazite generations, with a variety of intermediate ages as well (Figure 5-58). The 
Mulcahy Bay samples are primarily Cambrian, but do contain a few analyses which 
show intermediate ages. The southernmost sample is from Wreck Bay and only 
young monazite grains were analysed in this sample.  Taking all of the southwest 
coast monazite results together (Figure 5-59) gives a weighted mean age of 505 ± 2 
with a MSWD of 1.12 for 196 out of 205 analyses for the younger generation (all < 
600 Ma).  The older generation, when taken together for all SW coast samples, 
comprises two major peaks, the larger at ~ 1090 Ma, and the other at ~ 1340 Ma 
(Figure 5-59 inset).  This is in contrast with the combined results for all of Tasmania 
(Figure 5-6), where the largest Proterozoic monazite population is at ~ 1370, and the 
other peaks on the probability diagram decreasing in height with decreasing age. 
 113
The composition of the monazite from the Port Davey Metamorphic Complex also 
changes southward along the coast.  Nye Bay shows a pattern for Y similar to the 
south block of the Collingwood River, with the analyses with young ages spanning 
the full range from low to high, and the analyses with old ages falling into a tighter 
cluster in the medium Y range (Figure 5-60A).  The Mulcahy Bay monazites have a 
much smaller range of Y, reaching only to the middle of the medium range (Figure 
5-60B), and the Wreck Bay monazite analyses are even narrower yet, with all but 
one falling in the very low to low range (Figure 5-60C).  This pattern is repeated for 
Sr (Figure 5-61), with the Nye Bay samples showing very low Sr for the old 
monazite, while the young range from very low to high, Mulcahy Bay monazite 
analyses range up to low Sr (and there is a correlation between age and Sr level for a 
discrete population of grains with higher Sr levels).  At Wreck Bay the single sample 
shows a smaller range in Sr. The Nye Bay monazites are primarily low in U with 
some medium (and one high) analyses, while the Mulcahy Bay range from very low 
to high in U, and Wreck Bay from low to just into medium U (Figure 5-62).  Note 
that the Proterozoic analyses are low in U.  The range in the ratio of LREE/HREE in 
the Southwest Coast samples shows that the Nye Bay analyses with young ages have 
the broadest range, from very low through to high; Wreck Bay shows the next 
broadest range from low fully across medium; and Mulcahy Bay has the tightest 
range, spreading only from low to part way into medium (Figure 5-63).  
5.2.3.2: NYE BAY  
5.2.3.2.1 Sample: 68318 
Sample 68318 (for sample location and description see section 3.1.1) contains two 
distinct monazite age populations, and two minor intermediate age peaks (Figure 
5-64).  The young grains have a weighted mean age of 504 ± 17 Ma with a MSWD 
of 0.75 for six out of seven points analysed on six grains, all of which were either 
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within the matrix, or at the boundary between a garnet grain and the matrix.  The 
older 21 analyses on fifteen grains range from 590 ± 24 to 1142 ± 129 Ma (Figure 5 
51).  Four are in the matrix; the other nine are included within garnet grains (Figure 
5-65).  The only monazites found included within the large (18 mm) garnet are 
located within its rim (Figure 5-65).  Three of the four analyses with intermediate 
ages are in matrix monazites, the fourth is at the edge of a garnet (Figure 5-65) 
adjacent to a monazite grain with a Cambrian age, and likely represents a “mixed” 
age of both young and older generation present in the same grain.  Two of the other 
intermediate spots are from the same grain, which also has an old spot analysis 
(Figure 5-66), and again possibly represents a “mixed” age.  The monazite in this 
sample range from small (~ 10 microns) to large (< 100 microns).  The large grains 
are either old or contain mixed ages, but the small and intermediate sized grains are 
of all ages.  The age spectra for this rock provides clear evidence for a 1030 Ma 
?detrital event. This is different from the typical pattern at Collingwood River.  All 
of the “old” monazite analyses in this sample (ages ~ 1000 Ma) fall into the very low 
Sr category, as do more than half of the young and intermediate age analyses.  In 
addition there are several young/intermediate age analyses in the low, and one each 
in the medium and high Sr categories (Figure 5-67A).  These analyses with higher 
amounts of Sr are also higher in Y; most of the monazites analysed for this sample 
fall into the medium Y category (with three in the low Y category).  In general, 
within the medium Y category, the older grains are lower in Y than the younger ones 
(Figure 5-67).  There is no change in LREE/HREE ratios with age in this sample.  
The fact that the younger analyses have a broad range in Y, ranging from higher than 
the older analyses to considerably lower, could indicate that the older grains grew in 
a garnet-poor environment, then there was a period of garnet break-down (freeing up 
Y) prior to, or in conjunction with, the first growth of the younger monazite 
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immediately followed by new garnet growth (taking up excess Y once again) before 
the monazite completed its growth phase.  The garnet in this sample does record a 
period of garnet consumption with an increase in XSps at the rims (see Figure 3-2).   
5.2.3.2.2 Sample: 68319 
Sample 68319 (for sample description see section 3.1.2) also contains two distinct 
age populations and an intermediate (possibly “mixed”) age (Figure 5-68).  The 
young population has a weighted mean age of 503 ± 12 Ma with a MSWD of 1.03 
for 14 analyses on 12 grains, all of which are located in the matrix.  The old 
population has a weighted mean age of 1047 ± 17 Ma with a MSWD of 1.2 for 12 
analyses on 11 grains, half of which are in matrix monazite, the other half are 
included within garnet.  Alternatively, the unmix ages algorithm of Isoplot, when 
applied to all 15 analyses greater than 600 Ma, gives two generations with a relative 
misfit of 0.667, one at 795 ± 49 Ma for 20% of the analyses, and 1047 ± 14 Ma for 
80%.  The three intermediate age grains are all in the matrix (one is at the boundary 
between a small garnet and the matrix), and each was the only point analysed on 
their grains.  They may represent mixing of the old and young ages in a single grain. 
For this sample both the old and the young population are primarily very low in Sr, 
but the intermediate age samples tend to be higher in Sr (Figure 5-69A).  Both of the 
generations tend to fall into the medium Y category, with a few analyses with young 
ages in the low to very low Y category.  However, of the ones in the medium Y 
category, the younger ones tend to be higher in Y than the older ones (Figure 5-69B). 
The two monazite age populations are very similar in size (20 to 150 μm) and habit 
(Figure 5-70), with grains of all ages displaying rounded corners.  As with 68318, the 
larger range of Y concentration in the younger monazite grains could reflect a period 
of garnet growth followed by garnet destruction and then further growth that is 
implied from the garnet zoning profile, which shows a bell-shaped spessartine profile 
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in the core, an increase in XSps starting about 1 mm from the grain edge, and a 
subsequent decrease in XSps starting about 0.5 mm from the grain edge (see Figure 
3-6).   
5.2.3.2.3 Sample: 68320 
Sample 68320 (for sample description see section 3.1.3) contains mostly grains from 
the younger monazite generation (Figure 5-71).  The young grains have a weighted 
mean age of 507 ± 8 Ma with a MSWD of 0.80 for 23 points on five grains.   The 
older grains range from 1012 ± 14 to 1137 ± 18 Ma. All of the older analyses and 
roughly half of the younger ones for this sample have little to no Sr. However, some 
of the younger range to medium or high Sr (Figure 5-72).  Those grains which are in 
contact with plagioclase, or which are included within biotite near grains of 
plagioclase, have the highest Sr levels for this sample, while those which are 
included in garnet or fully surrounded by quartz are very low in Sr.  The young 
monazite analyses range from very low to high Y, whilst the old grains cluster tightly 
at medium Y (Figure 5-72).  The analyses with young ages range from very low to 
medium LREE/HREE ratios, whilst the older analyses cluster at low values (Figure 
5-72).   The increased Sr for some of the younger analyses could indicate elevated 
pressure and breakdown of plagioclase, while the elevated Y for some of the younger 
grains could indicate a short-lived period of garnet breakdown before new garnet 
growth once again out-competed monazite for the available Y, or they may reflect 
spatial distribution.  The garnet in this sample does show an increase in XSps at the 
rim (see Figure 3-11), but the analysis points were not closely spaced enough to 
determine if it decreased again thereafter as in sample 68319. 
5.2.3.2.4 Sample: 68334 
Sample 68334 (Figure 5-73) is coarse grained, containing garnet up to 6 mm, 
kyanite, with undulatory extension, up to 1.5 mm long, patches of chloritised biotite 
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up to 1 mm long, sericite, quartz and ilmenite.  While it does contain monazite from 
the young generation, it primarily has older grains (Figure 5-74).  The young 
generation for this sample has a weighted mean age of 511 ± 53 with a MSWD of 8.8 
for only five spots analysed on three grains.  This sample, like that of 160694, shows 
a distinct extra small peak between the main Cambrian peak and 600 Ma, which may 
well account for the high MSWD.  The composition of those five analyses with 
young ages are very similar in most elements, save for iron content. Both the eldest 
and youngest are higher in Fe (> 1.2 wt%) than the other three (< 0.2 wt% Fe).  
Excluding those two high Fe analyses results in a weighted mean age of 504 ± 52 
with an MSWD of 2.2 for the remaining three analyses, or using the unmix age 
algorithm on the six analyses under 900 Ma gives a relative misfit of 0.553 for two 
generations at 495 ± 14 (67%) and 611 ± 25 (33%).  In reality, there are simply not 
enough analyses with young ages with similar ages from this sample to achieve a 
reasonable estimate of the age of that generation of monazite growth for this sample.  
By comparison, the older grains in this sample are easier to unravel—the Isoplot 
“unmix ages” algorithm finds that 23% of the grains > 1000 Ma fall at 1359 ± 13 
Ma, which is in the same, within error, as the 1376 ± 7 calculated for all of the 
samples across Tasmania.  This sample shows a very clear difference in composition 
between the generations. The older grains are very low Sr, and the younger grains are 
mostly medium Sr (up to 0.17 wt%; Figure 5-75).  The old monazites are all medium 
in Y, the analyses with intermediate ages are mostly low, and the young all very low 
in Y, and the LREE/HREE ratios are higher for the analyses with young ages than 
for these with old ages (Figure 5-75).  This pattern is similar to that of samples from 
the Collingwood River; the older monazites grew in a low-garnet period, while the 
younger ones grew in equilibrium with garnet, in a higher pressure environment. It is 
markedly different from some of the other Nye Bay samples collected nearby 
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(68318, 68319, 68320), which show a large range in Y for the analyses with young 
ages that extend both higher and lower than the analyses with old ages. This sample 
was mapped with the MLA prior to monazite dating.  As a result, all monazites 
analysed were included within garnet, which could explain why they do not show the 
record of increased Y seen in the young generation of the other samples, as the 
young grains included within the garnet are located well inboard of the reversal of 
the XSps trend.  This supports the argument that distance form garnet is more 
important than timing in controlling the Y content. Higher Y contents are expected in 
matrix monazite crystallized in this rock during the Cambrian. 
The grains of monazite in this sample are generally small (< 50 μ) with most grains 
in the 20-40 μm range.  Because there was abundant monazite available for analysis 
and the usually small grain size, most grains had only one analysis point each.  
Monazite was found in eight different grains of garnet with more grains of monazite 
present in the larger grains.  The young monazites were located in only two of the 
garnet grains, and were intersected by obvious cracks in the garnet (Figure 5-73).  
Some of the old monazites were not intersected by garnet cracks within the plane of 
the thin section. 
The monazites in sample 68334 range in size from too small to be analysed (not 
pictured) to 80 μm long and have three different appearances in BSE image (Figure 
5-76).  The first, most common type, are uniform in their brightness, with all of the 
above age-groupings represented.  The next most common are those with patchy 
zones of different brightness—these are limited to grains with ages of 1077 Ma and 
greater, and two grains are “variegated”, with one portion quite dark, zoning 
gradually to a bright portion.  These latter two are both more rounded than many 
other grains in this sample, and belong to the oldest generation (1323 Ma, 24 μm 
long and 1343 Ma, 30 μm long). 
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5.2.3.2.5 Sample 68335 
Sample 68335 (for sample description see section 3.1.4) contains both young and old 
generation monazites (Figure 5-77).  The young grains have a weighted mean age of 
507 ± 10 Ma with a MSWD of 1.00 for 12 points analysed.  Comparing this sample 
with the other sample collected at the same location, 68334, (Figure 5-74) shows that 
this sample has fewer old grains and less overall spread in the data.  Just as with 
sample 68334, Sr is present in detectable quantities only in the younger generation 
monazite grains, which are also very low in Y and notably higher in LREE/HREE 
ratio than the older analyses (Figure 5-78).  This sample was mapped with the MLA 
prior to monazite analysis, and as a result, many of the grains analysed are inclusions 
within garnet. The four largest (80-170 μm) monazite matrix grains were also 
analysed.  Most of the young monazite grains are from the matrix or on the interface 
between a garnet rim and the matrix.  However, four young monazite grains are 
included within the cores of garnet (as determined by analysing the garnet 
composition on either side of the monazite locations), each located within a major 
crack in the grain.  The old grains were included within both core and rim of the 
garnet. The monazite included in garnet is lower in Sr than that located in the matrix 
or within the garnet rims. The old grains are all low in their LREE/HREE ratios, and 
the young grains range from medium to high (Figure 5-78). 
5.2.3.2.6 Sample 143145 
Sample 143145 contains only young monazite grains, with a weighted mean age of 
510 ± 12 with a MSWD of 0.92 for 20 analyses on 10 monazite grains (Figure 5-79).  
These monazites have a much higher range of Sr and Y than was present in the 
samples from the north side of Nye Bay, with a high of 0.99 wt% Sr and 3.7 wt% Y, 
and a tighter range for the LREE/HREE ratios (Figure 5-80).  Most of the monazite 
for this sample was found in the matrix, with only one grain included within garnet.  
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The very low Sr analyses are all from one of the grains included within biotite, but 
the other grains included within biotite show the full range of Sr compositions, as do 
the monazites surrounded by quartz.   
5.2.3.2.7 Sample 143147 
Sample 143147 mainly contains Cambrian monazites, which have a weighted mean 
age of 494 ± 7 Ma with a MSWD of 1.5 for 18 of 19 analysis points (Figure 5-81).  
There are also four older grains with a weighted mean age of 1013 ± 16 (MSWD = 
0.29).   Most of the monazite in this sample is located within the matrix.  Two young 
grains are included within one of the large (~ 7 mm) garnet crystals, within the 
potion which is visibly garnet core (this sample, as mentioned above, having a core 
which is very rich in (quartz) inclusions, and a rim which is inclusion-poor.   As with 
some of the other samples, monazite grains with detectable Sr are all young grains, 
the older ones being below the detection limit (about 0.02 wt% Sr in these analyses) 
(Figure 5-82).  The largest monazite grains are generally the older grains, with one 
exceeding 300 μm, and the smallest grains are generally young.  However, the oldest 
grain is only ~ 40 μm, and the largest of the young grains is 83 μm across.  Some of 
the grains have crisp, smooth edges, while others are very irregular, but there is no 
correlation with age.  Likewise, both generations show some grains with uniform 
brightness in the BSE image, and some which are visibly zoned (Figure 5-83).  As is 
typical for the Nye Bay samples, the analyses with old ages show no detectable Sr, 
while the analyses with young ages range from very low/no to medium Sr.  Y ranges 
from very low to high for the analyses with young ages, and the few analyses with 
old ages cluster tightly in medium, and the LREE/HREE ratios range from very low 
to medium for the analyses with young ages, while the analyses with old ages are all 
very low (Figure 5-82). This sample has anomalously low chemical U-Th-Pb age 
compared to most other samples. The age of 494 ± 7 hardly overlaps with the 
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weighted mean age of other samples and is lower than expected based on the 
geological constraints. There are no obvious chemical or textural indicators that 
suggest this sample has been substantially disturbed although many of the very low 
ages come from very small grains (Figure 5-83). 
5.2.3.3: MULCAHY BAY  
5.2.3.3.1 Sample 143072 
Sample 143072 (for sample description see section 3.1.5) contains young monazite 
(Figure 5-84), with a weighted mean age of 505 ± 3 with a MSWD of 1.3 for 49 of 
52 analyses on ten grains from two different analysis sessions.  The only analyses 
with apparently older ages were also very low in Th, and have been discarded.  This 
sample is very low to medium in Sr and Y, and low to medium in LREE/HREE 
ratios (Figure 5-85).  This sample gives one of the most precise ages from any of the 
samples in this study. It shows a coherent simple age structure with no evidence of 
inheritance or disturbance.   
5.2.3.3.2 Sample 143106 
Sample 143106 (Figure 5-86) is a quartz-biotite-muscovite schist with both monazite 
and xenotime as accessory minerals, collected from a 100m wide mylonite zone.  
This is the only sample in this study in which xenotime was analysed.  It is well 
foliated with the quartz mostly in microlithons between the mica rich cleavage 
domains. It contains only monazite from the young generation (Figure 5-87) with 
weighted mean age of 511 ± 5 Ma with a MSWD of 1.02 for 24 analyses on 5 grains.  
This sample ranges only from very low to low Sr, very low to medium Y, and low to 
medium LREE/HREE ratios (Figure 5-88), which pattern is in keeping with other 
young samples from the area.  The exception is for Sr in 68334 and 68335, as 
discussed above. 
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5.2.3.4: WRECK BAY 
5.2.3.4.1 Sample 143097 
Sample 143097 (for sample description and location see section 3.3.3) contains 
monazite only from the young generation (Figure 5-89), with a weighted mean age of 
504 ± 6 Ma and a MSWD of 1.17 for 23 points analysed on 19 grains.  Some of these 
are matrix grains, but the majority are inclusions within garnet, usually in the garnet 
rims (which lack quartz inclusions), and rarely in the garnet cores (which are very 
rich in quartz inclusions).  Most of the grains analysed are low to very low in Y, low 
to medium in Sr, and LREE/HREE ratios (Figure 5-90), and likely grew in 
equilibrium with garnet.  This is a good quality result in a rock with no evidence for 
complications. 
5.2.4: North Coast Monazite Results by Sample 
5.2.4.1: FORTH 
Three samples from the Forth Metamorphic Complex (Figure 5-91) were analysed.  
These display a single generation of monazite, which has a combined weighted mean 
age of 509 ± 7 Ma with a MSWD of 1.17 for 35 of the 37 analyses for all data from 
the three samples. The compositions of these grains is fairly consistent (see below), 
reflecting similar growing conditions for the monazites in each sample. 
5.2.4.1.1 Sample 75637 
Sample 75637 (for sample description see section 4.1.2) contains monazite with three 
different aspects.  The badly corroded grains (Figure 5-92A) yielded no useable 
results, and their compositions are noticeably different from the other monazite 
analyses from this sample.  The deviations from the normal Y, Sr, and Th are 
sometimes considerably higher, and others notably lower than normal monazite 
composition for this sample (Figure 5-93).     The undamaged interiors of grains that 
showed corroded margins (Figure 5-92B), and the, smaller, largely euhedral, grains 
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(Figure 5-92C) both yielded useable age results.  These combine to give a weighted 
mean age of 503 ± 10 Ma with a MSWD of 0.97 for 13 analyses on ten grains 
(Figure 5-94). There being a single generation present, the analyses have a fairly 
consistent composition, with only subtle differences between the undamaged 
interiors of the partially corroded grains and those which still appear unaltered 
(Figure 5-95). 
5.2.4.1.2 Sample 154322  
Sample 154322 is a garnet – muscovite – chlorite schist, with a foliation defined by 
micaceous cleavage grains alternating with quartz-dominated domains. There is only 
one generation of monazite (Figure 5-96), with a weighted mean age of 518+13 Ma 
with an MSWD of 2.0 for 18 analyses on nine grains. This high MSWD reflects the 
scatter in the data, which ranges from a low of 479 ± 17 Ma to a high of 569 ± 21 
Ma, however, the composition of the analyses is fairly uniform, and no basis was 
found for setting aside some analyses as clearly belonging to a separate population.  
Monazite occurs as 10 – 50 μm grains and grain clusters with very irregular margins. 
Larger elongate grains are aligned in the foliation and show evidence of micro-
boudinage (Figure 5-97). Sr levels in the monazite range from very low to low, and 
Y, Th and U from low to medium, and LREE/HREE ratios tend to fall in the low 
category (Figure 5-98). 
5.2.4.1.3 Sample 154325  
Sample 154325 is a garnet–muscovite–quartz schist. The dominant texture is a 
crenulation cleavage (S2). The sample contains two populations of REE-rich 
phosphates. About 20% of the grains are monazite and the remainder have low totals, 
high Ca and high Fe, and were tentatively identified as rhabdophane (Berry et al. 
2007).  The monazite grains are small (5 – 10 mm) and in clusters (Figure 5-99). The 
rhabdophane is in larger sieve textured grains 20 – 70 mm long (Figure 5-99) and has 
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crystallised with high common Pb, since calculated U– Th– Pb ages scatter up to 
3000 Ma. In contrast, the monazite yielded a weighted mean age of 510 ± 11 Ma 
with an MSWD of 0.64 for six analyses on four grains (Figure 5-100).   The 
composition is consistent with very low to low Y and Sr, low U, med Th, and 
medium to high LREE/HREE ratios (Figure 5-101). 
5.2.4.2: SETTLERS HILLS 
Two samples from the Settlers Schist were collected 150 m apart (Berry et al. 2007), 
(Figure 5-102). They both contain only one generation of monazite, with a combined 
weighted mean age of 513 ± 8 with a MSWD of 1.15 for all 39 points analysed.  The 
monazite from this region ranges in Y content from high to very low, but the bulk of 
the analyses are in the medium to high Y range.  They are low to very low in Sr, and 
tend to be low in LREE/HREE ratios (see figures below).   
5.2.4.2.1 Sample 71334  
Sample 71334 is a biotite–white mica–quartz schist. The white mica mainly occurs 
as sericitic patches, where it replaced some of the plagioclase, whereas the biotite 
occurs in larger flakes. Part of the sample has a random crystal orientation. A 
discrete patch (Figure 5-103) is foliated with a differentiated cleavage, which is 
interpreted as a xenolith (Berry et al. 2007).  This interpretation is dependent on the 
conclusion of Reed et al. (2001) that the Settlers Schist is a metagranite. This sample 
contains anhedral 10 – 20 mm monazites with very irregular margins that are 
Cambrian in age (Figure 5-104). The weighted mean age of 504 ± 22 Ma has a mean 
squared weighted deviate (MSWD) of 2.0 for eleven analyses on six grains. The high 
MSWD suggests that a mixed age is included, but no specific evidence of 
disequilibrium or disturbance was detected. The compositions for each of the 
analyses plot in tight clusters (Figure 5-105).  The Settlers Schist is exposed in a 
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zone of strong Devonian faulting so the large MSWD may reflect some Pb loss, but 
this could not be demonstrated from the analyses or the texture. 
5.2.4.2.2 Sample 71338   
Sample 71338 is biotite schist with a similar primary texture to 71334, and a weak 
alignment of the biotite grains (Figure 5-106). The plagioclase has been extensively 
altered to sericite. The monazite grains are 10 – 30 mm and subhedral with irregular 
inclusions. There is a single generation of monazite (Figure 5-107), with a weighted 
mean age of 517 ± 9 Ma with an MSWD of 0.79 for 28 analyses on eleven grains.  
As with 71334 its composition is reasonably uniform, with very low Sr, very low to 
medium U, low Th, medium to high Y, and low to medium LREE/HREE ratios 
(Figure 5-108). 
5.2.4.3: MERSEY  
Two samples from the Mersey Valley were analysed for monazite dating, one 
contains only Cambrian analyses, the other has a few, isolated older grains, and two 
from the Devonian.    Because one of these was used as an in-house standard and has 
had many repeat analysis sessions and the other had a single session, it is not 
appropriate to combine them for a weighted mean age, since the data from the one 
would eclipse the other, and the above reported Cambrian age for this region is based 
only upon the data from 7401. Their compositional patterns are notably different, 
even when considering only the Cambrian analyses (see figures below).  
5.2.4.3.1 Sample 7401 
Sample 7401 is a quartz – muscovite – albite – garnet schist which was collected by 
Spry (1962) from the Howell Group on the west side of Mersey Valley, south of 
Walters Marsh (Figure 5-109). The dominant foliation, S2, is a differentiated 
crenulation cleavage (Spry 1962). S1 is defined by gently curved lines of quartz 
inclusions preserved in albite porphyroblasts. The monazite grains are very abundant, 
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5–15 mm across and irregular in shape. This sample has a single generation of 
monazite (Figure 5-110) with a weighted mean age of 497 ± 3 Ma with an MSWD of 
1.12 after Isoplot rejected 5 of 171 analyses.  As discussed in section 5.2.1 above, 
this age is younger than those from the other regions.  This sample, having an 
abundance of consistent composition monazite, has been used as one of the in-house 
standards run during each monazite session, and results from all seven sessions to 
date have been combined for the above age, giving a result indistinguishable (within 
error) from that published (Berry et al. 2007) before this sample commenced use as a 
standard.  Note that if the rejection option is turned off, Isoplot calculates a weighted 
mean age of 498 ± 4 with a MSWD of 1.5 for all 174 analyses, the close match 
between these two results underlies the suitability of this sample as a standard.  As 
would be expected from a single generation of monazite which gives consistent age 
results, the composition is fairly uniform, with medium levels of Y, very low levels 
of Sr, and low levels of U (Figure 5-111).  Th shows significant variation from 1-
10% (Figure 5-111) and it is this aspect of the composition that makes it attractive as 
a standard. This sample has been used regularly to test the background corrections on 
Pb by calculating the initial Pb using an isochron approach. 
5.2.4.3.2 Sample 154328  
Sample 154328 is a pelitic schist collected (Berry et al. 2007) from a quarry below 
the Rowallan Dam on the Mersey River (Figure 5-109) consisting primarily of fine 
grained quartz with lesser muscovite, occasional rounded grains of plagioclase (~ 1 
mm), rare biotite, and some late stage chlorite.  The dominant foliation is S2. The 
monazite grains are common and are typically 10 – 20 mm across.  This sample has 
two generations of monazite (Figure 5-112). The monazites with Cambrian analyses 
have a weighted mean age of 502+10 Ma with an MSWD of 1.2 for 22 of 24 
analyses on 13 grains (2 analyses were rejected by Isoplot).  The six older analyses 
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range in age from 1110 ± 45 to 1456 ± 12 and are from three grains, two of which are 
larger (~ 20 mm) and more equal-dimensional than typical monazite grains from this 
sample but do not form a distinct recognisable population from morphology alone 
(Figure 5-113).  Sr levels in monazite for this sample range from very low to low, 
with the highest levels associated with the analyses with the youngest ages from the 
older generation (Figure 5-114A).  The analyses with younger ages tend to have 
more Y than do the older ones (Figure 5-114B).  There is a much larger range of U in 
the younger generation of monazite analyses, which range from very low just into 
medium, while the older generation is generally very low (Figure 5-114C).  Th, on 
the other hand, has a broader range in the older generation, which gets into high 
levels, while the younger generation is low to medium in Th (Figure 5-114D). The 
LREE/HREE ratios are slightly higher for the older generation than for the younger. 
There is no evidence in this rock of an earlier high-grade metamorphic event, so 
these ages are interpreted to indicate the presence of detrital monazite, which is 
consistent with the more equal-dimensional shape of the grains which include old 
domains. The two lowest ages are distinct from the main peak (Figure 5-112) and are 
interpreted here as the result of partial resetting possibly during the Devonian 
Tabberabberan deformation. 
5.2.5: South Central Monazite Results 
A single sample from the Strathgordon area, collected (Boulter 1972) from 5 km 
west of Strathgordon (Figure 5-115), was selected for monazite analysis.  Sample 
46241 is a fine grained garnet–muscovite schist with distinct layers of quartz and 
muscovite and more than 5% opaque (Figure 5-116).  The Strathgordon 
Metamorphic Complex has a maximum metamorphic grade of upper greenschist 
facies, and garnet-bearing rocks are relatively rare, with a garnet content of ~ 1% in 
this sample. The monazite grains here are mostly very small (5 – 10 μm) with rare 
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grains to 20 μm. Grain L was included in garnet. The chemical U– Th– Pb 
measurements yielded an age of 510 ± 11 Ma with an MSWD of 1.4 for nineteen 
analyses on twelve grains (Figure 5-117). The monazite grains have low Y and 
Sm/Gd 41.5 consistent with growth in equilibrium with garnet (Figure 5-118).  
5.3:ZIRCON AGES 
A small study of zircon ages was initiated in an attempt to shed further understanding 
upon the above monazite results.  The widespread presence of old monazite grains is 
problematic in these samples. It is not clear from the analyses alone if these are 
metamorphic or detrital in origin.  The wide range in ages is perhaps more typical of 
a detrital monazite pattern. However, the age range is different from the detrital 
zircon age spectra in the Proterozoic sandstones of Tasmania (Black et al. 2004), 
which typically show older populations than found from the monazite analysed for 
this study (Figure 5-119).  Only the Wings Sandstone, the Jacob Quartzite, and the 
Port Sorell Formation sandstones show age-range spreads young enough to match the 
range of “old” monazites from the metapelites, but even these units tend to have lows 
which correspond to the main peak for the old monazites (Figure 5-119). The other 
regions have zircon which is predominantly older than the monazites from this study, 
but some areas do have a minor peak at 1400-1450 Ma 
Two samples from the north block of the Collingwood River (Figure 5-120) were 
selected for zircon isotopic analysis (see 1.3.2.3 for methods used for this study) to 
determine if the zircons from this region match the patters of Black et al. (2004), or 
the monazite results obtained in this study for this region.  Two quartz-rich samples 
from the Collingwood River were selected.  The samples were both selected from the 
northern block because the ones from the southern block of the Collingwood River 
were deemed unsuitable candidates for detrital zircon analysis, being much higher in 
their mica component.  
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The zircons in these samples are primarily strongly zoned in terms of age, so that 
each analysis is a mixture of Cambrian and Proterozoic domains.  Many of the single 
analyses define isochrons on concordia (e.g. Figure 5-121). In order to plot these 
isochrons the analyses were divided into ten equal splits based on time of laser 
ablation and plotted using Isoplot to determine upper and lower intercepts.   
5.3.1: Sample 160708 
Sample 160708 (see section 2.4.5 for sample description) has a heavy mineral 
separate which is dominated by zircons, but monazites and rutile are also present.  
The zircons in this sample are ~ 100—200 μm in size and mainly euhedral to 
subhedral.  The analyses of zircons from 160708 which have intercepts plotting close 
to 510 Ma were then recalculated by anchoring the lower intercept at 510 ± 10 Ma 
(approximately the age of the metamorphism for this region based on above chemical 
U-Th-Pb monazite data) in order to improve the age of the upper intercept (detrital 
core) of the zircon.   The metamorphic portions of the zircon are low in Th/U as 
expected for grains growing in the presence of metamorphic monazite of the same 
age (Harley et al. 2007). The detrital component has a high in Th/U, largely in the 
range 1400-2000 (Figure 5-122A).  They have a peak at 1450 ma and are dominated 
by 1600-1800 Ma grains. This pattern is similar to Proterozoic sandstone such as the 
sample from Oonah Formation (Figure 5-123). Quite a few of the zircons in 160708 
have evidence of common Pb and Pb loss. In these cases, the data from each of 10 
splits from individual analyses plot on impossible isochrons heading towards the 
upper right of the reverse concordia diagram, and these analyses were not used for 
further geochronology.   
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5.3.2: Sample 160736 
160736 is a fine-grained mylonite with discrete bands of quartz and mica and 
scatterings of small garnet grains (~ 0.15 mm) concentrated in the mica-rich layers.  
It has a heavy mineral separate which is dominated by monazite with a lesser 
component of zircon and rutile. The zircons plot mostly on concordia between an 
interpreted detrital age and 1200 Ma (Figure 5-122B).  A few of the zircon crystals 
also show some resetting toward 510 Ma.  The oldest age analyses contain both high 
and low Th/U, while the late Mesoproterozoic grains have low Th/U, indicating 
growth contemporaneous with monazite (Harley et al. 2007). Unlike sample 160708, 
most of the metamorphic overgrowths plot between 1100-1300 Ma (Grenvillian--
Rivers 1997).  Two of the monazite grains in this mount were also analysed during 
the zircon analysis session, and they are also Grenvillian in age.  Without further 
information as to the exact age of this Grenvillian metamorphic overgrowth it was 
not possible to anchor the data to a lower intercept.  Therefore the intercepts were 
calculated automatically via Isoplot (Ludwig 2003) to determine the age of both the 
upper and lower intercepts based on the trends in the data.  A few of the zircon 
crystals exhibited Pb loss and common Pb.  In those cases a 204 Pb (common) Pb 
corrected 207Pb/206Pb age which, in theory, takes into account both common Pb 
and Pb loss was utilized.  Sample 160736 is interpreted to have been a similar 
sandstone to 160708, with a detrital zircon pattern resembling that from other 
Tasmanian regions (Black et al. 2004) with a variety of peaks between 1400-1900 
Ma (Figure 5-123). However it was strongly metamorphosed at 1220 ± 36 Ma, 
growing new monazite and zircon overgrowths on the detrital crystals (green line of 
Figure 5-123). It then experienced an additional metamorphic episode at 510+/-10 
Ma, growing more zircons and monazite. An alternative interpretation is that the 
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sandstones were deposited after 1,220 Ma, receiving abundant sedimentary material 
from a 1,220 Ma metamorphic complex.   
The monazite data indicates an early population at 1,350 Ma reset to 1,190 Ma. The 
monazite does not record the Palaeoproterozoic detrital history seen in the zircon 
data. However in other aspects the two data sets give the same result of an early 
detrital history reset at about 1,200 Ma. There is no textural evidence in these rocks 
of this high grade reset event. It is more likely that it records events in the source 
terrane for this metasedimentary rock.   
Detrital zircons at 1,200 Ma are relatively restricted in Tasmania with about 25% of 
Proterozoic sandstones including a detrital population at this age. The strong 
association with monazite of the same age in this rock supports the existence of a 
major metamorphic event. Berry et al (2008) reviewed the evidence for 
Mesoprotrozoic events in Tasmania.  The event recorded on King Island at 1,290 Ma 
may correlate with this event. However, the age and intensity of metamorphism 
implied by the resetting of zircon is more compatible with a source in the Grenville 
province of Laurentia which in some continental reconstructions was close to 
Tasmania in the Neoproterozoic. 1,200 Ma fits neatly with the Elzevirian Orogeny 
which was an early stage of deformation in the Grenville Province. 
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The Cambrian Metamorphic History of Tasmania
Chapter 6
Discussion & Conclusions
CHAPTER 6: DISCUSSION & CONCLUSIONS 
This study has investigated the pressure/temperature, and/or timing of metamorphism 
for five regions (Figure 6-1) within Tasmania: 1) north coast (including the Forth 
Metamorphic Complex and the Settlers Schist), 2) north central (Mersey River 
Metamorphic Complex), 3) central (Franklin Metamorphic Complex, including the 
Collingwood River metapelites and eclogites in the north block, the whiteschist of 
the south block, and the Raglan Range, and Mt. Mary regions), 4) south central 
(Strathgordon Metamorphic Complex), and 5) southwest coast (Port Davey 
Metamorphic Complex, including the areas of Nye, Mulcahy, and Wreck Bays).  The 
pressure/temperature results from each region are summarized and compared with 
previously published Tasmanian results, followed by the timing results for each 
region, in conjunction with their tectonic implications.  The highest grade 
metamorphic units of Tasmania include both medium and high pressure rocks and 
occur in metamorphic complexes across the western third of the state (see Figure 1-
1).  However, the high pressure examples are volumetrically minor and have been 
reported only from the north coast and central regions. All examples of high P/T 
units reported from Tasmania are restricted to fault-bounded slivers adjacent to 
medium P/T schists.   
6.1:PRESSURE/TEMPERATURE OF METAMORPHISM 
Two different approaches were used to investigate the pressure and temperature of 
metamorphism. Garnet-core isopleth thermobarometery was used to reveal the 
conditions of formation during the first growth of the garnet grains, while 
Thermocalc, GB-GBPQ, GB-GBMAQ, and GASP were used to determine the 
conditions of metamorphism during which the garnet rims and matrix minerals 
formed.   
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The garnet-core isopleth thermobarometery for both the Franklin and Port Davey 
Metamorphic Complexes yielded very similar results (~ 600o C, 6,000 bars) for the 
formation of the garnet cores in the pelitic schists from these two regions (Figure 
6-2).  However, their metamorphic history subsequent to their early stage of garnet 
growth is very different.   
The southwest coast garnet rims and matrix minerals record a temperature (~ 650o C 
at 6,000 bars) for their formation which is only slightly higher temperature than was 
obtained for the formation of the garnet cores (Figure 6-2). This isobaric increase in 
temperature predicts a shift from the kyanite stability field just over the line into the 
sillimanite field. This prediction is verified by the presence of fine blades of 
sillimanite in some samples from this region, particularly mantling deformed grains 
of kyanite (McNeill 1985).  Garnet porphyroblasts (up to 5 cm across; Figure 6-3), 
which typically display euhedral shape, are found in this region; these generally 
display distinctive changes in their inclusion density inboard from their rims 
indicative of an abrupt shift in growing conditions (e.g. Figure 3-2).  Given the subtle 
difference in calculated P/T between the garnet cores and rims for this region, this 
change in inclusion density is probably associated with dehydration during a single 
growth episode, rather than to a cessation of growth followed by mantling during a 
subsequent metamorphic episode.   The presence of a fluid phase may act as a flux 
assisting in the exclusion of extraneous matrix minerals during the growth of a 
porphyroblast; in such cases continued growth under dry conditions may lead to the 
incorporation of numerous fine-grained inclusions in addition to causing an abrupt 
change in mineral composition as observed in these samples (see Chapter 3).     
The samples from the Collingwood River area, on the other hand, appear to have 
maintained nearly isothermal conditions whilst undergoing a rapid increase in 
pressure.  The eclogites (Appendix 2) and metapelites (Chapter 2) record garnet core 
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conditions (~ 600o C, 6,000 bars) which are approximately the same as those for the 
southwest coast (Figure 6-2), but both show much higher pressure conditions of 
formation for the garnet rims and matrix minerals. The garnet rims and matrix 
minerals in the eclogite were estimated to have formed at ~ 650o C, 19,000 bars, and 
the metapelites record conditions of ~ 700o C, 14,000 bars (Figure 6-2).  The 
difference in estimates for rocks in close proximity probably reflects error in one or 
both of calibrations used rather than a true difference in pressure. 
The metapelites have zoning patterns which are reminiscent of those of the Wölz 
Complex, Austroalpine unit, Eastern Alps (Faryad and Chakraborty 2005).  The 
cores of the large garnet crystals from the metapelites tend to show bell-shaped 
profiles for XSps, a subtle increase in XAlm from centre to edge of the core, and very 
flat profiles across the for XPrp and XGrs, which is comparable (Figure 6-4) to the Pre-
Alpine (Garnet I) cores observed by Faryad and Chakraborty (2005).  However, the 
Collingwood River garnet grains tend to be notably lower in XGrs than those from the 
Alps (see below).  Faryad and Chakraborty indicate temperatures of 560-580o C 
obtained via garnet-core isopleth thermobarometery for the Pre-Alpine 
metamorphism responsible for their (Garnet I) cores before focusing their discussion 
upon the later episodes of metamorphism.  That temperature is very compatible with 
those obtained via the same technique for the Franklin Metamorphic Complex (see 
Chapter 2).  The Wölz Complex garnet crystals show an abrupt change in 
composition at the boundary between Garnet I and II which is similar to that 
observed in the samples from this study (Figure 6-4).  However, due to the fact that 
all of the samples from the Franklin Metamorphic Complex studied are low in 
whole-rock Ca, these samples are considerably lower in XGrs than that from the Wölz 
complex, though the shape of the pattern is similar.  There are two different patterns 
in the transition of XGrs from core to rim in the garnet zoning from the Franklin 
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Metamorphic Complex samples. For those samples which are very low in Ca, such as 
sample 160696 (Figure 6-4A), there is only the smallest rise in XGrs at the boundary 
from core to rim garnet compositions, and it is the other three end members which 
truly exhibit the reversal in zoning that marks the boundary, while those with a 
slightly higher whole-rock Ca components show a more substantial rise in XGrs 
(Figure 6-4B).  However, even these do not achieve the same levels of XGrs as 
obtained for those in the Wölz Complex.  Faryad and Chakraborty (2005) estimated 
that their Garnet II crystallized over the range from 540o C, 7,500 bars to 600o C, 
10,000 bars, which range is very compatible with the results obtained from the 
Franklin Metamorphic Complex (see above and Chapter 2).  An additional similarity 
between these two regions is the fluctuations in composition of their Garnet II, which 
is similar in pattern, though differing in intensity, to that observed in some of the 
garnet from this study (Figure 6-4A).  Not all of the garnet analysed in this study 
show such fluctuations during the garnet rim growth, and those that do generally do 
so on only one side of the grain.  However, detailed garnet mapping and analysis in 
other areas (e.g. Zeh and Millar 2001) reveals that syntectonic garnet mantle growth 
over pretectonic garnet cores often occurs preferentially in response to directed 
pressure, with the growth in the regions of pressure shadow being limited with 
respect to the other crystal faces. The Franklin Metamorphic Complex has 
experienced directional stress resulting in foliations, crenulations, and folds, and as 
such it is reasonable for the garnet rim growth to be limited to the crystal faces in the 
correct orientation with respect to the directional stress. Many of the analysed lines 
across the garnet grains begin and end at faces with very different orientations with 
respect to the foliation, so it is not surprising that the left and right ends of the zoning 
profiles are not always symmetrical.  It is clear from the above that while the garnet 
rims in the pelitic schists of the southwest coast grew under very similar P/T 
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conditions to their garnet cores, the pelitic schists and eclogites of the Franklin 
Metamorphic Complex saw a substantial increase in pressure after the formation of 
the garnet cores, during which there was new garnet growth mantling the previously 
existing cores. 
The third rock type analysed from the Collingwood River is the whiteschist which, 
unlike the eclogite and the pelitic schist, does not record a low-pressure episode; the 
garnet-core isopleth thermobarometery for the whiteschist indicates that the garnet 
did not begin to grow until high pressures (~ 545o C, 19,600 bars) were achieved 
(Figure 6-2). Note that an increase of at least 30-90o C is required to shift from the 
assemblage predicted to be stable during garnet core growth into the talc/kyanite 
stability field, which is the field compatible with the garnet rims and matrix minerals 
of the whiteschist (see section 2.5.9).  Such an increase (at the upper end of the 
range) brings the whiteschist temperature at peak metamorphic conditions into line 
with the eclogite peak temperature and approaches the peak temperature calculated 
for the pelitic schists.  However, given that the eclogite and pelitic schist were 
collected from north of a major fault boundary and the whiteschist from south of it 
(see Chapter 2), it is not required that the conditions recorded in the whiteschist be 
the same as the other rocks studies in this area.  Other samples collected from the 
whiteschist locality lacked the key mineral assemblages required for detailed P/T 
estimates.  
The results from the other regions studied have all been obtained via classic 
geothermobarometry.  The samples from Mt. Mary, collected ~ 10 km from the 
Collingwood River samples, give results slightly higher pressure than the 
Collingwood River garnet core conditions, at ~ 570o C, 8,600 bars and the Raglan 
Range sample, collected from ~ 5 km from the Collingwood River samples, yielded a 
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P/T estimate only slightly lower (~ 700o C, 11,400 bars) than the Collingwood River 
metapelite rim results (Figure 6-2).   
The Forth Metamorphic Complex, on the north coast, yields a maximum P/T 
estimate of ~ 670o C, 16,900 bars, which is comparable with those obtained for the 
high pressure results from Collingwood River (Figure 6-2). 
Prior to this study there have been a number of other published pressure/temperature 
estimates for various Tasmanian metamorphic complexes. The graph of these 
estimates (Figure 6-5), shows two broad trends in the data, both starting in the 
greenschist facies region for the low-pressure results, but with temperatures 
diverging with increasing pressure. The lower temperature suite includes greenschist 
and blueschist facies results from Port Sorell, Arthur and Port Davey Metamorphic 
Complexes, with a trend from 350o C at 5,000 bars to 400o C at 10,000 bars.  The 
higher temperature sequence ranges from upper greenschist through epidote-
amphibolite and amphibolite facies and into the eclogite field and includes results 
from the Port Davey, Strathgordon, Franklin, and Forth Metamorphic complexes. 
Comparison of the previously published data with the results from this study shows a 
reasonable correlation with the Franklin Metamorphic complex (Figure 6-6A), with 
the eclogite results from this study (Appendix 2) giving similar, if slightly higher 
temperature/lower pressure early stage results to those obtained by Råheim (1976), 
and similar pressures (though cooler temperatures) to those obtained by Kamperman 
(1984) and Goscombe (1990).  The whiteschist results from this study, on the other 
hand, are notably higher in pressure and lower in temperature than previously 
published results from this outcrop (Råheim and Green 1974).  However, the 1974 
estimates for the whiteschist were regarded as a minimum pressure estimate, and the 
current results were obtained from the garnet cores, with the peak conditions 
occurring at a higher temperature (see above).  The results presented here from 
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garnet core isopleth thermobarometery for the metapelites from the Collingwood 
River are the first attempt at elucidating the early stages of metamorphism for these 
samples. These results show a slightly lower pressure and higher temperature than 
those obtained by Råheim (1976) for the early stages of the eclogite from this area 
but overlap with the early-stage eclogite results from this study (Appendix 2).  The 
maximum P/T presented here for the metapelitic schists in this area is similar (if 
slightly higher T) to the previously published results for the nearby eclogites 
(Goscombe 1990; Kamperman 1984), and higher in temperature and lower in 
pressure than the peak eclogite results from this study (Appendix 2).   Most of the 
data from both this study and the previously published results from the central 
portion of the state fall along the greenschist facies curve as calculated by Llana-
Fúnez and Marcos (2007), though the results from Goscombe (1990) are above that 
curve, and the whiteschist results from this study plot solidly along the high pressure 
curve, while the Raglan Range and Collingwood River metapelite schist garnet cores 
from this study and the Strathgordon results (Råheim 1977) all fall between the HT 
amphibolite and amphibolite facies curves (Figure 6-6B).   
The results from the Forth Metamorphic Complex for this study (Figure 6-7B) are 
higher in pressure and slightly lower in temperature than the previously published 
data for this region (Berry and Holm 2001; Lewis 1991).  The previously published 
data from the Forth region falls along the greenschist and amphibolite facies curves, 
while the results from this study are in between the greenschist and high pressure 
curves (Figure 6-7B).  Finally, the Port Davey Metamorphic Complex (Figure 6-8A) 
results from this study are slightly higher in temperature than the previously 
published data (McNeill 1985; Turner 1989).  However, these results for maximum 
temperature and pressure, being just into the sillimanite field, are more consistent 
with the presence of fine-grained sillimanite in these samples.  In addition, all of the 
 139
southwest coast results, from this study and previously published data, fall along the 
HT amphibolite facies curve (Figure 6-8).  In contrast, the previously published data 
from Port Sorell plots on three different curves—the high pressure, amphibolite, and 
HT amphibolite facies curves (Figure 6-9A) while that from the Arthur metamorphic 
complex plots on the amphibolite, greenschist facies curves, and one just below the 
high pressure curve (Figure 6-9B). 
6.2:TIMING OF METAMORPHISM 
This study primarily used U-Th-Pb Chemical dating of monazite to constrain the 
timing of metamorphism. The results range in age from Mesoproterozoic to 
Devonian. However, the Cambrian-aged monazite analyses comprise the bulk of the 
data.  In general, the grains of monazite which have Cambrian-aged analyses are 
located within the matrix or the rims of garnet, rather than the garnet cores.  The 
Cambrian metamorphic event is interpreted to have not only resulted in monazite 
growth, but also to have been responsible for the growth of the garnet rims and 
matrix minerals and their above reported geothermobarometric results. Therefore, the 
results with younger and older ages will be discussed briefly first before addressing 
the main metamorphic event and the implications thereof.  Note that the weighted 
mean errors reported below have been calculated by Isoplot (Ludwig 2003) based 
upon the individual analyses errors, which were estimated from the counting 
statistics. See the discussion in Berry et al. (2007—Appendix 1) on additional errors 
to be considered. They estimate the systematic error on the standards for our 
laboratory using this technique as < 0.5% by comparison with a range of standards. 
6.2.1: Devonian 
As discussed in Chapter 5, there are two samples which show Devonian monazite 
growth (347 ± 23 Ma) which may be linked to reactivation of a mylonite zone.  This 
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age is younger than that which has been suggested for the Tabberabberan Orogeny 
(Black et al. 2005) but is close to the age of the Kanimblan Orogeny. North-south 
shortening has been recognized in the eastern Lachlan Fold Orogen, including 
Tasmania, at 330 Ma (Gray and Foster 2004) and this is consistent with the geometry 
of the Linda Zone which affects these rocks.  
6.2.2: Neoproterozoic 
The monazite results with Neoproterozoic ages (specifically those > 600 and < 950 
Ma—see Chapter 5 for discussion on choice of range) from this study comprise < 4 
% of the total analyses obtained (35 of 960). Of these, one analysis comes from the 
Forth Metamorphic Complex, 22 from the Franklin Metamorphic Complex, and 12 
from the Port Davey Metamorphic Complex.  Most (30 of 35) of these analyses come 
from samples which also have Cambrian age analyses (15 of these analyses are from 
samples wherein single grains show both ages).  Likewise 24 of the 35 of these 
analyses come from samples which also show Mesoproterozoic ages (9 of these 
analyses are from samples wherein single grains show both ages, and two of the 
samples show instances of all three age ranges analysed on a single grain).  Given the 
sparseness in the data from this age range and its association with the other 
generations, it is likely that these Mesoproterozoic age monazite analyses represent 
“mixed” ages with these individual analysis spots comprising material from both an 
older core and a younger overgrowth.    
The U-Pb-Th monazite results from the Eastern Orthogneiss of the Western 
Tasmania terrane from off shore Tasmania records high-grade metamorphism at 920 
± 7 Ma, with a possible earlier event at 1015 ± 24 Ma recorded in a single sample 
(Berry et al. 2008).  However, the on-shore Tasmanian data acquired for this project, 
which includes the data published in Berry et al. (2007), shows a low at ~ 910-950, 
with only three data points falling in that range (Figure 6-10).  There are also known 
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events elsewhere in Tasmania during this time period, such as the intrusion of the 
granites on King Island at 750-780 Ma (Black et al. 1997; Turner et al. 1998), but 
insufficient monazite grains were found in this study which have ages in 
Neoproterozoic to determine if there is a correlation in this data with any or all of 
those events.  However, the mafic igneous rock which was the protolith for the 
eclogite is thought to have formed at some time after 1,200 Ma due to the presence in 
the eclogite of xenocrystic zircons of that age (Turner et al. 1998). 
6.2.3: Mesoproterozoic 
The monazite results with Mesoproterozoic ages (> 950 Ma) from this study 
comprise 28% of the total analyses from this study (276 analyses of 960). Of these, 
five come from the Mersey River Metamorphic Complex, 195 are from the Franklin 
Metamorphic Complex, and 76 from the Port Davey Metamorphic Complex.   
As shown in Figure 6-10, this data has a major peak at ~ 1,366 Ma which is likely to 
represent a discrete monazite growth event. There is sufficient spread in the data to 
the right of that peak to allow but not require a monazite growth episode to correlate 
with the wide-spread Tasmanian 1,450 Ma zircon component (Black et al. 2004).  
That zircon population is considered to be detrital, and it is possible that the few (15-
20) monazite analyses in these samples which fall into that age range could be 
inherited from the same source(s).   
The lesser Mesoproterozoic peaks in this data fall into the Grenville age range 
(Rivers 1997), and while the spread in the data is wide, it remains possible that one 
or more of these minor peaks (Figure 6-10) represent discrete monazite growth 
phases.  One potential correlation is the minor peak which corresponds to the off-
shore (Berry et al. 2008) minor peak at ~ 1015 Ma (Figure 6-10), with 14 analysis 
points falling into that range.  In addition there are similar age events to this data 
which are recorded in the Musgrave Block of Central Australia, Antarctica, and, of 
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course, the Grenville province of eastern North America (Fitzsimons 2000; Rivers 
1997; White et al. 1999).  Burrett and Berry (2000) had concluded that there is no 
evidence of the Grenville orogeny in Tasmania; if one or more of these lesser 
Mesoproterozoic peaks represents discrete monazite growth events rather than mixed 
ages and/or detrital grains that would provide one potential line of evidence for 
Grenville aged deformation in Tasmania.  The analysis of detrital zircons in this 
study for two Collingwood River schists (see section 5.3) found metamorphic zircon 
at 1,220 ± 36 Ma, which is compatible with the Elzevirian Orogeny, an early stage of 
deformation in the Grenville Province (Gower and Krogh 2002).  These zircon 
crystals could have originated as detrital grains from such a source, or they could 
represent an episode of metamorphism for this rock which was later overprinted by 
the Cambrian metamorphism.   
The detrital zircon record for Tasmania is dominated by a 1,800-1,650 Ma 
population, which may have originated in the Caborca-Hermosilla terrane in Mexico 
(Black et al. 2004).  The Collingwood River zircons are no exception to this pattern 
(see Figure 5-123). However, the Tasmanian metamorphic rocks do not record an 
episode of monazite growth due to metamorphism in that age range; the oldest 
monazite grain analysed in this study is 1,549 ± 23 Ma. The lack of 1,800-1,650 Ma 
detrital monazite remains unexplained. 
6.2.4: Cambrian 
The primary peak metamorphism in Tasmania took place in the Cambrian at ~ 505 
Ma.  The regional data which is combined to yield this age includes data from the 
Settlers Schist (513 ±8 Ma) and Forth Metamorphics (509 ± 7 Ma) on the north 
coast, Mersey River Metamorphics (497 ± 3) in north central Tasmania, the north 
(512 ± 4 Ma) and south (504 ± 5 Ma) blocks of the Collingwood River in the 
Franklin Metamorphic Complex, the Strathgordon Metamorphic Complex (510 ± 11 
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Ma), and the Port Davey Metamorphic Complex (505 ± 2 Ma) on the southwest coast 
of Tasmania.   
There are several possible ways to interpret this data.  The first option, referred to 
here as the slab breakoff model, is to assume that the interpretation outlined in Berry 
et al. (2007) is correct and all metamorphism pre-dated the Mount Read Volcanics, 
which within the limits of the current data, started at 506 Ma, or perhaps as late as 
504 Ma (Turner and Bottrill 2001). Most of the data gathered for this study are 
compatible with this interpretation. The exceptions are the 497 ± 3 Ma result for the 
171 analyses on sample 7401 from the Mersey River Metamorphic Complex and a 
less significant sample from the southwest coast with an age of 494 ± 7 Ma for 18 
analyses on sample 143147, both of which are otherwise indistinguishable from the 
other samples.  In the slab breakoff model, the average age of 505 ± 1 Ma for all 
Tasmanian Cambrian analyses (or 507 ± 1 Ma if the above mentioned younger two 
samples are discarded) represents peak metamorphism associated with slab breakoff 
in a subduction collisional setting (Figure 6-11), and all rocks were returned to near-
surface levels in less than 5 million years. This is equivalent to 4 km/m.y. (or, 
perhaps 10 km/m.y. for the high pressure units) which is typical for plate tectonic 
rates (Agard et al. 2009).  Traditionally such rates had been considered too high for 
erosional unroofing, with the average for such rates being estimated at 0.5 km/m.y. 
(Duchêne et al. 1997). However, some recent estimates yield erosion rates that 
achieve or exceed the rates necessary to bring these sample back to the surface as 
rapidly as indicated by these results (Burbank 2002 and references therein).  The 
Forth Metamorphic Complex cooled through the Ar/Ar muscovite closure 
temperature at 508 Ma (Foster et al. 2005) which is consistent with uplift at this rate 
from 510 to 506 Ma.  In the slab breakoff model the chemical U-Th-Pb monazite 
ages of the above mentioned younger samples are anomalous. These younger ages 
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could represent an unknown interference problem with the EPM analyses, or a partial 
resetting to a later event which could not be identified despite extensive scrutiny of 
the analyses themselves.  The Mount Read Volcanics are seen as post-collisional 
volcanics related to extensional collapse as asthenospheric mantle replaces old 
lithosphere carried away with the slab (Crawford and Berry 1992) as suggested for 
West Irian by Cloos et al. (2005), who argued that post-collisional volcanism started 
in West Irian 2 m.y. after crustal delamination.  The West Irian model is a key 
analogue for this interpretation. 
A second model, referred to here as the sequential metamorphism model, is that the 
younger (~ 497 Ma) metamorphic ages are real and that some of these metamorphic 
rocks were emplaced during and after the formation of the ~ 507 Ma metamorphic 
rocks.  As discussed in the introduction to Chapter 5, the monazite ages may be 
considered to belong to three different sub categories of older (511 ± 3 Ma), 
intermediate (504 ± 2 Ma), and young (497 ± 3 Ma) Cambrian ages; these ages span 
the range that has long been accepted for the Tyennan Orogeny (Turner et al. 1998).  
Young mountain belts appear to preserve temporal relationships in metamorphic 
units despite thrusting and subsequent exhumation, permitting fossil subduction 
zones and the temperatures thereof to be traced along a profile (e.g. Gabalda et al. 
2009).  Such a study has not been attempted in Tasmania. The current estimate of 
spatial variation in temperature/pressure results (Figure 6-2, Figure 6-5) for various 
regions across the state would indicate that had such a fossil record of changes in 
temperature with depth along a subduction zone been preserved during the initial 
thrusting and exhumation, subsequent deformation has removed most traces of that 
pattern.  However, despite the complexity in Tasmania’s metamorphic history, there 
does appear to be some pattern.  In the sequential metamorphism model there is an 
apparent range of ~ 10 Ma in the age of the monazite which grew during Cambrian 
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metamorphic events, with different regions showing different weighted mean ages 
(Figure 6-1).  This apparent range in ages and the distribution thereof appears to be, 
at least in part, related to the temperature and pressure of formation.   
The oldest apparent age for the Cambrian metamorphic event (~ 511 Ma) is obtained 
from the highest pressure areas, particularly the north block of the Collingwood 
River and the north coast (Figure 6-1).  These samples first commenced their garnet 
growth at ~ 6,000 bars, and then continued to grow garnet as pressure increased an 
additional ~ 10,000 bars.  The Cambrian age monazite in these samples tends to be 
located in the matrix or the rims of the garnet, and it may have required a higher 
initial starting pressure and/or temperature than did the garnet.  The older apparent 
age of metamorphism for these samples is compatible with both the slab breakoff 
model and the sequential metamorphism model, and reflects collision before the 
Mount Read Volcanics.  However, in the sequential metamorphism model, it is the 
oldest episode of metamorphism within a sequence of sub-events (Figure 6-12).  
These events could have different timings due to either latitude-based, or depth based 
affects. 
The southwest coast samples combined have an intermediate (~ 505 Ma) Cambrian 
age recorded in the monazite (~ 506 if the above mentioned younger sample were to 
be discarded). As stated above, this region had a very different metamorphic history 
from the Franklin Metamorphic Complex—it was buried to similar initial depths (~ 
6,000 Ma) as the north block Collingwood River samples for the garnet core growth, 
but, unlike the Collingwood River samples, did not then continue to higher pressures 
before returning to the surface (Figure 6-12).  The Cambrian monazites of the 
southwest coast tend to be located in the garnet rims or in the matrix suggesting they 
formed near peak metamorphism.   
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 The other sample showing the ~ 505 Ma age is the whiteschist, which did not 
commence its garnet growth until achieving high pressure (Figure 6-12).  The 
monazite in this sample, as with the other regions, is most commonly associated with 
the garnet rims and matrix, and it appears to have been growing both garnet and 
monazite at ~ 505 Ma.  The south block of the Collingwood River, where the 
whiteschist is located, is separated by a major fault boundary (see Chapter 2) from 
the north block, and it is not unreasonable for the units on either side to have 
achieved their peak metamorphic conditions at different times before being 
juxtaposed. The variation is compatible with the latitude-based variation of the 
sequential metamorphism model, which could be due to a migration of the 
deformation towards the south with time, but the errors on the age are too large to 
prove this relationship. More accurate dating such as Ar/Ar muscovite may solve this 
problem but the southern samples were strongly reheated in the Devonian making 
this method uncertain.  The apparent age of the whiteschist in relation to the other 
samples is also compatible with the depth-based variation of the sequential 
metamorphism model (Figure 6-12), the difference being due to the timing of initial 
subduction and the point at which that package begun its exhumation process. In this 
variant the individual faults responsible for movement within the entire exhuming 
block could be active at different times, with the result of the eventually exposure at 
the surface of units in close proximity to one another which had achieved differing 
levels of depth at different times.  The review of Hynes (2002) addresses several 
possibilities that could account for the whiteschist’s return to the surface in less time 
than was available for the other high pressure units, as different paths require 
differing lengths of time; for instance unroofing along the subduction path is thought 
to require less time than the corner-flow or wedge spreading due to underplating 
models.   
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The sequential metamorphism models fail to explain the eruption of the Mount Read 
Volcanics in an extensional setting and with post-collisional chemistry at the same 
time as the collision is taking place.  Some of the metamorphic rocks were on surface 
and shedding metamorphic detritus in to the basin at 505 Ma.  This has been used by 
Hall (1998) to argue for a core complex model for the metamorphism. However, the 
compressed range of metamorphic ages, and the very steep compressional paths in 
P/T space are difficult to fit into that model. 
A north-south migration of metamorphism with time cannot explain the young age of 
the Mersey Valley sample 7401, located as it is between the Forth and Franklin 
Metamorphic Complexes, both of which appear to be ~ 10 Ma older.  This sample 
shows the youngest Cambrian metamorphism found in this study (~ 497 Ma).  Rocks 
from this area never exceeded greenschist facies conditions but no specific P/T 
estimate is available.  This sample is of a lower grade than the schists analysed from 
the other regions, with the largest (~ 2 mm) mineral present being the late-stage 
albite porphyroblasts. Therefore it may not have buried as deeply as the other 
samples, and may have been late down the subduction zone, achieving its maximum 
metamorphic grade more recently than the others and returning promptly back to the 
surface.  However, the apparent age is significantly younger than the post-orogenic 
volcanism so the exhumation cannot be a result of slab breakoff.  The Mersey Valley 
sample is from a domain of strong D3 deformation and south directed transport. This 
D3 folding affects Middle Cambrian rocks (Baillie et al. 1986; Berry and Bull 2004; 
Seymour 1981) exhumed by a late N-S shortening event within the Tyennan 
Orogeny after the Mount Read Volcanics were complete.   
The Tasmanian metapelites studied have little to no record of decompression—the 
zoning patterns in the garnet from high P metamorphic rocks require a very rapid 
compression followed by an even more rapid decompression so that no diffusive 
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resetting of garnet rims can occur.  The eclogites, on the other had, do record a 
decompression path. The evidence for that decompression was recorded by the 
presence of the retrograde symplectites (see Appendix 2), and it is likely to have 
been very rapid.  The mylonitic textures in those samples are texturally correlated 
with the late, decompressional stages of mineral growth/breakdown.   As discussed 
in Chapter 2, the sense of shear recorded in the oriented mylonite samples collected 
for this study is top to the east, which is indicative of normal fault movement if the 
subduction direction is towards the east (e.g. Berry and Crawford 1988; Crawford 
and Berry 1992; Meffre et al. 2000).  This pattern is similar to that observed in the 
Alps, where extension dominated during decompression and brought medium grade 
metamorphic units into contact with lower grade metamorphic units (Ganne et al. 
2005; Ganne et al. 2006). 
The results from this study, which indicate nearly isothermal loading followed by 
rapid isothermal decompression for the Franklin Metamorphic complex are unusual.  
There are other areas that show rapid decompression; the results from the Franklin 
Metamorphic Complex record an isothermal decompression path similar to Type II 
of Agard et al. (Figure 10 of Agard et al. 2009), which includes results from the Alps 
and the Himalayas (Figure 6-13).  However, isothermal decompression is more 
typically associated with a clockwise path, with a marked temperature increase as the 
pressure goes up, and cooling in response to a decrease in pressure.  Modelling of 
such systems shows (Yamato et al. 2008) that rapid decompression is likely in 
situations where continental material encounters a subduction zone. 
The fact that the high-pressure rocks of the Tyennan Orogeny show an abrupt 
increase in pressure, followed by an abrupt decrease in pressure, with very little 
accompanying change in temperature implies very fast transitional periods.  The 
possible variation from one unit to another in terms of the rate of that transition is of 
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interest. It appears that all of the units accomplished these transitions faster than is 
recorded in areas which show a typical clockwise path.  There are multiple 
possibilities to account for faster than normal return to medium pressures, or for 
variations in the rate from one unit to another.  One of these involves non-lithostatic 
pressure.  The concept of “tectonic overpressure” has been dismissed as a “failed 
concept” (Green 2005).  However, Raimbourg and Kimura (2008) discuss variations 
in pressure achieved in different portions of a subduction channel based on variations 
in the width of the channel. The geometry of the channel itself can account for 
specific regions within the channel achieving higher than expected pressure with 
respect to its depth.  Such a situation could explain an isothermal increase in pressure 
followed by decompression since a transient over-pressure affect does not require the 
rock to move at all. The very steep compressional path recorded from the 
Collingwood River from 6,000 bars to 15,000 bars with little or no increase in 
temperature and an almost exact retrace to 6,000 bars seen in the eclogites makes a 
non-lithostatic pressure origin for the Tasmanian high-pressure rocks very attractive 
In this model the rock does not have to travel from 20 km to 60 km deep and back in 
less than two million years and without changing temperature. 
6.3:CONCLUSIONS 
The Cambrian regional metamorphic rocks of Tasmania are closely associated with 
ophiolite emplacement. Most of the rocks were metamorphosed at medium pressure 
and greenschist to low amphibolite facies. A few fault slices of marginal blueschist 
facies have been reported. Almost all of the medium-grade rocks included in this 
study were first metamorphosed at medium P/T metamorphism (e.g. ~ 600° C, 6,000 
bars). At two localities this metamorphism is overprinted by a high pressure event (~ 
15,000 bars). The pelitic schists record a near isothermal compression event with no 
evidence of the retrograde path. The eclogites have both a near isothermal 
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compression and a retrace to the original P/T condition. The medium grade 
metamorphism occurred at ~ 507 Ma and detritus from these metamorphic rocks is 
found in Middle Cambrian sedimentary rocks which unconformably overly them. 
This requires exhumation at plate tectonic rates. A schist sample from the Mersey 
Valley Metamorphic Complex has a metamorphic age of ~ 497 Ma, which is 
inconsistent with most of the other dating evidence and the geological constraints. 
This data may indicate a later tectonic event, at least locally.  
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Appendix 6 
Table of XRF 
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Appendix 8
Tables of 
Geothermobarometric
Results
Appendix 8.1 Table of final P/T selected as representative for each region
region type what T (C) error P (bars) error cor.
Forth thermocalc max P/T weighte mean average 672 59 16900 1500 0.7
C River metapelite GB-GBPQ max P/T sample 160717 715 30 13968 1200 0.7
C River metapelite Perple_X garnet core weighte mean average 578 31 5966 650 0.7
C River whiteschist Perple_X garnet core sample 160730 545 30 19600 1000 0.7
C. River eclogite stage I/II see Appendix 2 550 50 6250 750 0.7
C. River eclogite stage III see Appendix 2 623 28 16000 3000 0.7
C. River eclogite stage IV see Appendix 2 581 29 8500 1500 0.7
C. River eclogite stage V see Appendix 2 551 24 5000 1000 0.7
C. River eclogite stage VI see Appendix 2 639 21 6000 1000 0.7
Mt. Mary thermocalc max P/T 39456 (d456) 567 83 8600 1400 0.8
Raglan Range GB-GBPQ max P/T Sample 30145 723 30 11402 1000 0.8
SW coast core perple x weighte mean average 562 20 5750 1700 0.7
SW coast point of overlap of all techniques 650 30 6000 1000 0.7
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Appendix 8.4 GASP results
P (bars)
68319 700 ºC 6186 bars
spot # Si(bio) Ti bio Al(tot) bio Fe(tot) bio Mg bio Al (IV) bio Al(VI) bio
68319-b3-2 2.603 0.137 1.781 1.487 0.002 0.896 1.397 0.384
spot # Ca pl Na Pl K Pl
68319-fsp-2b-1 0.099 0.829 0.008
spot # Fe grt Mn grt Mg grt Ca grt
68319-g3-1 2.599 0.036 0.358 0.055
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Appendix 9 
Errors in Pressure Estimates 
Based on Calcium Levels in Plagioclase 
Appendix 9, page 1 
APPENDIX 9: APPLICATIONS OF GASP AND GBPQ GEOBAROMETERS TO ALBITE 
AND OLIGOCLASE BEARING PELITIC ROCKS.  
 
In general, there has been a recognition that plagioclase linked geobarometers 
become less reliable as the An content of the plagioclase decreases. Most authors 
(e.g. Holdaway 2001) argue that plagioclase with XAn > 0.17 can be reliably used in 
geobarometry. However Todd (1998) argued that if XAn < 0.3 then the errors 
associated with geobarometers based on reactions between anorthite and grossular 
are substantially increased. If this limit were to be applied more than 60% of all 
published analysis would not acceptable for application of the GASP and related 
geobarometers.  
 
This discussion reviews the discussion of Todd (1998) to consider exactly how much 
the error is increased in low Ca samples. Rather than assuming that a result should be 
rejected, the aim here is to calculate the error bars for compositions with XAn<0.3. (In 
this discussion XAn is the cation ratio Ca/(Ca+Na+K) in plagioclase and XGrs is the 
cation ration Ca/(Fe+Mg+Mn+Ca) in garnet.) The discussion follows that of Todd 
(1988) and then looks at the application to the Holdaway (2001) calibration of the 
GASP geobarometer and the Wu et al (2004) calibration of the GBPQ geobarometer. 
 
The primary limits to accuracy of any GASP geobarometer are the analytical limits 
on small components in plagioclase. The accuracy of XAn in plagioclase can be 
calculated from the counting statistics of the EPMA analysis. For the conditions used 
in this study the relative error due to counting statistics is shown on Fig. 1. The 
relative error dramatically increases below XAn of 0.06.  
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Fig. 1. Relative error for XAn based on the standard error in analyses reported by the 
Cameca SX100 at the conditions used in this project (Blue line). Errors propagated 
using the rules for normally distributed errors. For comparison, errors calculated 
from formula of Powell & Holland (1988) for absolute values (Pink) and comparison 
values (Red) of the activity model. Where the activity model is part of the calibration 
the comparison value is more appropriate. 
 
These errors can be propagated through the GASP equation to identify how this error 
affects the calculated pressure (Fig. 2). Holdaway (2001) claimed a total relative 
error on 640 bars for his calculated GASP equation for XAn > 0.17. Apparently half 
this uncertainty comes from the plagioclase analyses. For An values down to XAn 
0.05 the analytical uncertainty increases this error to about 1,000 bars.  
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Fig. 2. Error in GASP (Holdaway (2001) pressure ( one standard deviation) arising 
from analytical errors in the plagioclase composition. Errors calculated at 600ºC and 
8000 bars. 
 
Todd (1988) used the approximation suggested by Powell and Holland (1988) to 
estimate uncertainty in the activity model for plagioclase and grossular. He 
recommended a very high level of uncertainty (absolute values on Fig. 1). These 
values are not appropriate for the formulation of a geobarometer where absolute 
errors are absorbed into the calibration of the geobarometers and only relative errors 
are significant. The uncertainty model for relative activities suggested by Powell & 
Holland 1988) is much smaller. On this basis the errors suggested in Fig. 4 of Todd 
(1988) are unrealistically high. The analytical uncertainty in pressure estimates 
increases smoothly down to XAn 0.06. The relative pressure uncertainty calculated by 
Todd (1988) using the lower relative error curve for the activity models varies from 
250 bars at high Ca to 1000 bars at a XAn of 0.1.  
 
The peristerite “solvus” occupies the region XAn 0.02 to XAn 0.16 at low T with a 
peak at XAn 0.06. Powell & Holland (1998) have argued against using activities 
calculated from the wrong side of a solvus since these are usually very inaccurate. 
This implies analyses below XAn 0.06 should be excluded. The plagioclase activity 
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model used in the GASP and GBPQ calibrations discussed here are from Fuhrman & 
Lindsay (1988). This model is optimised for T above 700ºC. Holland & Powell 
(1992) produced an activity model for application in metamorphic rocks. The model 
recommended by Holland & Powell (1998) is the model 1 from this paper. 
Comparison of anorthite activity calculated from Fuhrman & Lindsay (1988) with 
the value calculated from Holland & Powell (1992) (Fig. 3) shows a dramatic 
deviation in calculated activity below XAn of 0.2 (aAn=0.3 in Fig 3).  This difference 
may be important in limiting the application of GASP calibrations which largely use 
the Fuhrman & Lindsay (1988) feldspar model. The Holland & Powell (1992) model 
gives significantly lower pressures for GASP calibrations below XAn of 0.15. At XAn 
of 0.1 this difference is 350 bars (Fig.4). 
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Fig. 3. Ratio of An activity calculated from method of Fuhrman & Lindsay (1988) to 
activity calculated from Holland & Powell (1992). Activities calculated at 600ºC and 
6000 bars.  
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Figure 4. The change in calculated pressure using the GASP calibration of Holdaway 
(2001) if the Fuhrman & Lindsay (1988) plagioclase activity model is relaced by that 
of Holland & Powell (1992). Activities calculated at 600ºC and 6000 bars.  
 
In this project, the Ca in garnet was analysed at twice the beam current and three 
times the counting time that were used for feldspar. Thus the analytical errors for 
garnet are very small down to 0.5% Ca or XGrs of 0.02. No problems were detected 
with the activity model of grossular at this level. 
 
Todd (1998) used a set of 42 samples to test the affect of decreasing Ca activity on 
the accuracy of pressure estimates by comparing pressure estimates using reactions 
between Ca bearing phases against calculated pressure where Ca bearing phases were 
excluded. The calculations were carried out using the program PTA (Berman 1988) 
and a range of activity models including the Fuhrman & Lindsey (1988) feldspar 
model. He showed these relationships in his Figure 5 and Table 1. He claimed that 
these data indicated a dramatic increase in errors when XGrs 
.
 XAn is less than 0.05. 
The data (from Table 1 of Todd 1998) have been compiled into three compositional 
ranges and summarised in Table 1. Most of the samples reported have a XGrs 
.
 XAn 
below 0.02; 70% of the results have XGrs 
.
 XAn less than 0.05. In fact, the data 
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suggest only a very small increase in the associated error in low Ca samples. The 
standard deviation of the low Ca samples is 1.2 Kbars, while the high Ca samples 
have a standard deviation of 0.8 Kbars. The difference is even less if the single 
anomalous value in this dataset is excluded. On this analysis there is no evidence for 
increasing uncertainty within the sample set as Ca is decreased. 
 
Todd (1988) also recommended that only sample with XGrs > 0.1 should be used. 
However on his sample set the low Ca samples with XGrs below 0.05 show less 
variability than high Ca samples. There is no evidence in this dataset that low Ca 
samples should be excluded on the basis of a low XGrs.  The situation with XAn is 
similar. Todd (1988) recommended XAn should exceed 0.3. The pressure estimates 
from samples with low XAn (below 0.2) show no more variability than samples above 
0.3. There is a systematic increase in the average pressure difference. This can be a 
sampling problem, since samples where a non-representative low XAn plagioclase is 
analysed will have a positive pressure differential. It is assumed here that this effect 
is the cause of the negative shift in average pressure differential for low XGrs 
samples. An alternative for the plagioclase is that the use of the Fuhrman & Lindsay 
(1988) plagioclase model may be causing the pressure estimate to be high. In the 
range of these samples the affect should be 0.2 to 0.3 kbars. The actual shift is twice 
this size suggesting there is also a problem with the selection of equilibrium 
plagioclase compositions.  
 
   Pressure difference 
 Range 
Number of 
samples 
standard 
deviation 
Average P 
difference  
xan <0.2* 11 1.1 1.1 
 <0.2 12 1.3 1.4 
 0.2-0.3 19 1.2 0.5 
 >0.3 11 1.1 0.1 
     
xgr <0.05 12 0.7 -0.1 
 0.05-0.1* 16 1.2 0.9 
 0.05-0.1 17 1.4 1.1 
 >0.1 13 1.4 0.8 
     
Xgrs.Xan <0.02* 29 1.1 0.6 
 <0.02 30 1.2 0.7 
 0.02-0.05 4 2.4 0.5 
 >0.05 8 0.8 0.3 
Table 1. Summary of the relationship between differences of pressure estimated with 
and without Ca bearing phases for a range of compositions of plagioclase, garnet and 
the product of XAn and XGrs.  Based on data from Todd (1998)  
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* excludes single sample that is an outlier more than 2 standard deviations from the 
mean. 
 
In conclusion, the natural samples reported by Todd (1988) fail to show any evidence 
of increasing errors in pressure estimates at low Ca contents. These samples have 
plagioclase compositions down to XAn 0.1 and garnet compositions with XGrs down 
to 0.03. 
 
A better test of the limits to the application of GASP and GBPQ to low Ca samples 
can be made using the suite of samples from the Hunt Valley Mall, Maryland, USA 
(Lang 1991). These samples were collected from a small area (within 500m) in a 
regional metamorphic area and should all have experience the same metamorphic 
conditions. There are thirteen samples with a suitable composition to apply the 
GASP or GBPQ geobarometers. The average garnet biotite temperature (Holdaway 
2000) is 590ºC and all pressures are calculated at that temperature. Six samples 
contain the assemblage Gnt-plag-qtz-ky-bi and have XAn > 0.17 as suggested by 
Holdaway (2001) for the GASP geobarometer. These samples have an average 
GASP pressure of 5750 bars. 
 
There are four samples with low Ca in this dataset. However none of these contain 
kyanite. Therefore the pressure estimates of the thirteen samples were calculated 
using the GBPQ equation of Wu et al (2004). With this sample set (Fig. 5), most 
samples with XAn above 0.1 have pressure estimates within error of the average 
GASP pressure for moderate Ca samples. Two samples with XAn of 0.08 have a 
calculated pressure 1000 bars high and the samples with XAn of 0.03 and 0.05 are 
seriously in error. 
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Figure 5. GBPQ pressure estimates for a range of samples from Hunt Valley Mall, 
Maryland (Lang 1991) showing the range in pressure estimated (at 590ºC) for a 
range of Xan plagioclase. 
 
In conclusion there is very little increase in the error for pressure estimates from Ca 
phases where the XAn of plagioclase is above 0.1. The pressure is significantly over-
estimated by GBPQ and probably GASP for samples with XAn below 0.1. Under the 
analytical conditions in this project. Analytical errors and activity model errors add 
500 bars extra error to pressure estimates at XAn 0.1 compared to more typical values 
near XAn = 0.3. The activity model errors are systematically toward higher pressure 
estimates at very low XAn. This systematic error becomes significant below XAn of 
0.1. 
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Mylonite Kinematic Indicators 
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APPENDIX 11:  LEAD ISOTOPE PILOT STUDY 
The Pb isotopic composition of minerals has been used to constrain tectonic 
reconstructions (e.g. Fioretti et al. 2005) (and for the dating of ore deposits in 
western Tasmania (e.g. Large et al. 1987).  A preliminary investigation into the Pb 
isotopic composition of minerals in the pelitic metamorphic rocks in three regions of 
Tasmania was conducted in the hopes of differentiating Pb-rich minerals which 
formed early, at the same time as the older generation (1,100-1,300 Ma) monazite, 
which often occurs as inclusions in garnets, and the younger generation (505-515 
Ma) of monazite, which is more likely to be located within the garnet rims, or in the 
matrix (see Chapter 5). Unfortunately, save for a single mica inclusion (in sample 
68334), no Pb-bearing minerals were found as inclusions within the garnets, and the 
garnets themselves are very low in Pb.  However, the Pb isotopic composition of 
micas in the matrix was found to be very different from that previously documented 
from the Mt Read Volcanics and other Cambrian rocks from Tasmania (Gulson et al. 
1987; Gulson and Porritt 1987; Large et al. 1987).  The full significance of these 
results is beyond the scope of this thesis; however the preliminary results are 
discussed briefly here so that the data will be available for any who might wish to 
undertake a more comprehensive study. 
Six pelitic samples, three (RC0601, RC0614, and 68788; see Chapter 2 for sample 
descriptions) from the Collingwood River (Figure 2-1) area and three from the 
southwest coast (Figure 3-1) (143072 from Mulcahy Bay, 68334 and 68335 from 
Nye Bay; see Chapter Three for sample descriptions) were chosen for common-lead 
analysis using the Laser-ICPMS using the techniques outlined in Meffre et al. 
(2008).  Each of the polished blocks to be analysed was prepared from other half of 
the block from which the thin section for that sample was cut, permitting a direct 
comparison of the mineral assemblage present in block and thin section, minus only 
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such material lost in the cutting and polishing process. The Pb isotopes were 
determined from the micas (muscovite in the Collingwood River, both muscovite and 
biotite in the southwest coast), which were the only minerals within the sample that 
contained sufficient Pb for Pb isotopic determinations by LAM ICP-MS. The lead 
signatures of the 3 areas are quite different.  The Collingwood River samples show 
ages which plot along the bulk crustal growth curve of Stacey and Kramers (1975) 
between 600 and 800 Ma. The micas analysed from the single sample from Mulcahy 
Bay contain highly radiogenic Pb. The two samples from Nye Bay contain Pb that is 
transitional between Collingwood River and Mulcahy Bay. Applying a correction for 
the in situ decay of the U and Th measured in the samples makes very little 
differences to the Pb isotopic ratios so that the differences in between the samples 
can not have arisen from differences in U and Th contents of the micas but must 
reflect Pb sourced from different reservoirs. 
The Pb isotopic composition of the micas from Collingwood River Complex are 
surprisingly non radiogenic given the 505-510 Ma age for the high pressure 
metamorphism experienced by these rocks. These results suggest that the Pb was 
separated from any additions from the decay of U and Th from at least 800 Ma. If it 
had remained with its parent U and Th it would have continued to evolve along the 
growth curve until crystallisation of the micas at 505 Ma and would record a 505 Ma 
Pb-Pb (growth curve) age. 
The data from the monazite geochronology (see Chapter 5) suggest that at least part 
of the radiogenic Pb has remained locked within older generation of monazites 
(Genvillian, 1,000-1,200 Ma). The Pb isotopic results suggest that the micas, or their 
pre-cursors, have been chemically isolated for a long period of time receiving very 
little new Pb, U or Th since the Proterozoic. (Save for sample 143072 in Mulcahy 
Bay, which not only has micas with highly radiogenic Pb, it also lacks the older 
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generation of monazite.)  A possible scenario to explain the Pb isotopic composition 
of the samples is that they initially formed within an igneous protolith to the pelitic 
sediment from which these samples crystallized, or in the course of an earlier 
medium to high grade metamorphic event at 1,100-1,200 Ma. Subsequent 
metamorphism at 505-510 Ma then partially reset the Pb isotopic composition of the 
micas with only small addition of new radiogenic Pb while the bulk of the radiogenic 
Pb remained locked within the older monazites. The common Pb from the micas 
(with high Pb and low U) would then record a much older Pb-Pb age than their 
crystallisation age. 
At present the Pb isotopic composition of Grenvillian rocks in the area is known only 
from samples dredged from 300 km to the south of Tasmania (Fioretti et al. 2005). 
These samples have a similar 206Pb/204Pb ratio but lower 207Pb/204Pb ratio suggesting 
derivation from a mantle source rather than the upper crustal source of the 
Collingwood River micas.  
Both the Nye Bay and Mulcahy Bay samples have more radiogenic Pb isotopic 
composition within their micas. These rocks are more chloritised and retrogressed 
than the Collingwood River samples and it is possible that their radiogenic 
composition is related to late stage processes and fluids rather than their original 
(Cambrian) composition.  A full understanding of the Pb isotopic systematics of 
Tasmanian Cambrian and Proterozoic rocks would require a much more in-depth and 
focussed study on this topic. 
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